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(54) CONTROL DEVICE FOR ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the optimization of 
intake air quantity and optimization of EGR quantity by 
performing an intake control and an EGR control while 
estimating an air effective component and an EGR effective 
component. 

SOLUTION: A basic fuel injection quantity and an EGR set 
value are initially set by a first load/combustion control 
manager 32 so as to correspond to a target engine torque set 
by use of an engine rotating speed Ne and an accelerator 
opening S by a target torque setting part 31. A target pressure 
value in an intake pipe is set independently as air and ERG gas 
effective component partial pressures from the basic fuel 
injection quantity and the EGR set value by an intake control 
manager 34. Estimated values of air and EGR gas effective 
component partial pressures are calculated according to an 
intake system model by a F/B control part 36. An EGR valve 
passing gas flow rate set value is calculated on the basis of the 
deviation between the estimated value of EGR gas effective 
component partial pressure and the control target value, and a 
throttle valve passing air flow rate set value is calculated on the basis of the deviation between the 
estimated value of air effective component partial pressure and the control target value and the air 
excess or short component in EGR gas to control a throttle and an EGR valve to an intended state. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the control unit of the engine which carries out adjustable control of fuel oil consumption and 
the throttle opening according to actuation of an operator A means to set up the desired value of the 
parameter according to an engine output state from an engine speed and accelerator opening, A means to 
initialize basic fuel oil consumption, an EGR rate, and the equivalent ratio in a cylinder based on the above- 
mentioned desired value, respectively, The equivalent ratio of actual EGR gas is presumed from the initial 
value of the above-mentioned equivalent ratio in a cylinder. The estimate of the equivalent ratio of this EGR 
gas, The initial value of the above-mentioned equivalent ratio in a cylinder, and the initial value of the 
above-mentioned basic fuel oil consumption, A control -objectives value [ as opposed to the air active 
principle partial pressure of the pressure-of-induction-pipe force based on the initial value of the above- 
mentioned EGR rate ], A means to set up the control-objectives value over the EGR gas active principle 
partial pressure of the pressure-of-induction-pipe force, respectively, The inhalation-of-air system model in 
consideration of the new temper of passing a throttle valve, and the air excess-and-deficiency component 
and EGR gas active principle in EGR gas is followed. The model value of the air excess-and-deficiency 
component partial pressure of EGR gas, and the model value of an EGR gas active principle partial pressure 
A means to compute the model value of a new mind partial pressure based on the flow rate measurement 
value of a new temper while computing based on the ratio of the estimate of the equivalent ratio of the 
above-mentioned EGR gas, and the initial value of the above-mentioned equivalent ratio in a cylinder, 
Based on the model value of the air excess-and-deficiency component partial pressure of the above- 
mentioned EGR gas, and the model value of the above-mentioned new mind partial pressure, the estimate of 
an air active principle partial pressure is computed. A means to compute the estimate of an EGR gas active 
principle partial pressure from the estimate of this air active principle partial pressure, and the pressure-of- 
induction-pipe force, A means to compute the set point of an EGR gas flow rate based on the deflection of 
the estimate of the above-mentioned EGR gas active principle partial pressure, and the control-objectives 
value of the above-mentioned EGR gas active principle partial pressure, A means to compute the set point of 
the air flow rate which passes the above-mentioned throttle valve based on the deflection of the estimate of 
the above-mentioned air active principle partial pressure, and the control-objectives value of the above- 
mentioned air active principle partial pressure, and the air excess-and-deficiency component in the above- 
mentioned EGR gas, A means to compute the control input of the actuator which adjusts the amount of EGR 
(s) based on the set point and the pressure-of-induction-pipe force of the above-mentioned EGR gas flow 
rate, A means to compute the control input of the actuator which adjusts throttle opening based on the set 
point and the pressure-of-induction-pipe force of an air flow rate of passing the above-mentioned throttle 
valve, The control unit of the engine characterized by having a means to set up the final basic fuel oil 
consumption for computing the control input to the injector which injects a fuel. 

[Claim 2] The control unit of the engine according to claim 1 characterized by calculating the estimate of the 
equivalent ratio of the above-mentioned EGR gas based on the output of an air- fuel ratio sensor. 
[Claim 3] The control unit of the engine according to claim 1 characterized by calculating the estimate of the 
equivalent ratio of the above-mentioned EGR gas as first-order lag over the initial value of the above- 
mentioned equivalent ratio in a cylinder. 

[Claim 4] The control unit of the engine according to claim 1 characterized by calculating the estimate of the 
equivalent ratio of the above-mentioned EGR gas by the first-order lag of the initial value of the above- 
mentioned equivalent ratio in a cylinder, and the pressure-of-induction-pipe force and the dead time set up 
by the engine speed. 

[Claim 5] The control unit of the engine according to claim 1 to 4 characterized by applying the value which 
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carried out time quadrature of the error of the pressure response forecast of an EGR gas active principle 
partial pressure, and the estimate of the above-mentioned EGR gas active principle partial pressure in case 
the set point of the above-mentioned EGR gas flow rate is computed. 

[Claim 6] The control unit of the engine according to claim 1 to 5 characterized by applying the value which 
carried out time quadrature of the error of the pressure response forecast of an air active principle partial 
pressure, and the estimate of the above-mentioned air active principle partial pressure in case the set point of 
the air flow rate which passes the above-mentioned throttle valve is computed. 

[Claim 7] The control unit of the engine according to claim 1 to 6 characterized by restricting to below the 
realizable maximum EGR gas flow rate in case the set point of the above-mentioned EGR gas flow rate is 
computed. 

[Claim 8] The control unit of the engine according to claim 7 characterized by setting up the above- 
mentioned maximum EGR gas flow rate according to a service condition. 

[Claim 9] The control unit of the engine according to claim 7 characterized by making the above-mentioned 
maximum EGR gas flow rate into a controllable value in 1 control period. 

[Claim 1 0] The control unit of the engine according to claim 1 to 9 characterized by restricting to below the 
realizable maximum air flow rate in case the set point of the air flow rate which passes the above-mentioned 
throttle valve is computed. 

[Claim 1 1 ] The control unit of the engine according to claim 1 0 characterized by setting up the above- 
mentioned maximum air flow rate according to a service condition. 

[Claim 12] The control unit of the engine according to claim 10 characterized by making the above- 
mentioned maximum air flow rate into a controllable value in 1 control period. 

[Claim 13] the above ~ the control unit of the engine according to claim 1 to 12 characterized by making 
final basic fuel oil consumption into the initial value of the above-mentioned basic fuel oil consumption. 
[Claim 14] the above — the control unit of the engine according to claim 1 to 12 characterized by setting up 
final basic fuel oil consumption based on the estimate of the above-mentioned air active principle partial 
pressure. 

[Claim 15] the above — the control unit of the engine according to claim 1 to 12 characterized by setting up 
final basic fuel oil consumption based on the pressure response forecast of the above-mentioned air active 
principle partial pressure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of the engine which performs synthetically 

fuel-injection control, inhalation-of-air control, and EGR control. 

[0002] 

[Description of the Prior Art] Fuel quantity and an air content are determined recently as a basis of control 
of the engine output-shaft torque which is the physical quantity which carries out a direct action to control of 
a car. The technique of improving the responsibility over an operator's demand output and obtaining good 
performance-traverse ability is proposed variously. To JP,1-313636,A The technique which both carries out 
electronics control of the throttle-valve opening to if the desired value of engine output-shaft torque is set up 
from an accelerator control input and an engine speed and fuel oil consumption is controlled according to 
the set-up target torque with an actuator, and controls an inhalation air content is indicated. 
[0003] However, under the effect of the response delay of the inhalation air for being filled up with volume, 
such as an inhalation-of-air collector chamber of a throttle- valve lower stream of a river, at the time of 
transient operation, the effect of the delay of the equipment to which an inhalation air content is changed, 
etc. Since fuel oil consumption was controlled corresponding to target torque to a gap being between the 
demand air content corresponding to the target torque in the time of controlling the throttle valve, and the air 
content actually inhaled by the cylinder, it was difficult to supply the neither more nor less between a fuel 
and air. 

[0004] Phase lag compensation equivalent to the response delay of the actuator which controls the delay and 
the inhalation air content of inhalation air by collector chamber restoration of inhalation air was carried out 
to the fuel oil consumption itself as opposed to the target output torque to cope with this and the excess and 
deficiency of a fuel are prevented at JP,3-185248,A to cope with. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in a Prior art, since it is the open loop control to which 
feedback is not carried out to the actual inhalation air content produced as an actuation result of a throttle 
valve, it cannot respond to the flow rate change by the bulb contamination produced with the flow rate 
deflection by the variation between the individuals of a throttle valve, the blow-by gas of the flow rate 
change by change of the opening area by the temperature change of a throttle valve, and a throttle valve, etc. 

[0006] Moreover, although carrying out phase lag compensation of a fuel or ignition timing corresponding 
to the response delay of a filled up part to the collector chamber of EGR gas or an EGR valve which passes 
an EGR valve for reduction of exhaust gas emission in the case of the engine which uses EGR together is 
also considered Since the responsibility of a throttle valve differs from the responsibility of an EGR valve, it 
is difficult to attain under a transient the set point based on the optimum value at the time of steady 
operation or the target air- fuel ratio which can be found from this set point, and an EGR rate. 
[0007] This invention was made in view of the above-mentioned situation, according to actuation of an 
operator, it is performing synthetically fuel-injection control, inhalation-of-air control, and EGR control, 
optimization of fuel oil consumption, optimization of an inhalation air content, and optimization of the 
amount of EGR(s) are realized, and it aims at offering the control unit of the engine which can aim at 
improvement in an operation feeling, and reduction of exhaust gas emission. 
[0008] 

[Means for Solving the Problem] In the control unit of the engine with which invention according to claim 1 
carries out adjustable control of fuel oil consumption and the throttle opening according to actuation of an 
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operator A means to set up the desired value of the parameter according to an engine output state from an 
engine speed and accelerator opening, A means to initialize basic fuel oil consumption, an EGR rate, and the 
equivalent ratio in a cylinder based on the above-mentioned desired value, respectively, The equivalent ratio 
of actual EGR gas is presumed from the initial value of the above-mentioned equivalent ratio in a cylinder. 
The estimate of the equivalent ratio of this EGR gas, The initial value of the above-mentioned equivalent 
ratio in a cylinder, and the initial value of the above-mentioned basic fuel oil consumption, A control- 
objectives value [ as opposed to the air active principle partial pressure of the pressure-of-induction-pipe 
force based on the initial value of the above-mentioned EGR rate ], A means to set up the control-objectives 
value over the EGR gas active principle partial pressure of the pressure-of-induction-pipe force, 
respectively, The inhalation-of-air system model in consideration of the new temper of passing a throttle 
valve, and the air excess-and-deficiency component and EGR gas active principle in EGR gas is followed. 
The model value of the air excess-and-deficiency component partial pressure of EGR gas, and the model 
value of an EGR gas active principle partial pressure A means to compute the model value of a new mind 
partial pressure based on the flow rate measurement value of a new temper while computing based on the 
ratio of the estimate of the equivalent ratio of the above-mentioned EGR gas, and the initial value of the 
above-mentioned equivalent ratio in a cylinder, Based on the model value of the air excess-and-deficiency 
component partial pressure of the above-mentioned EGR gas, and the model value of the above-mentioned 
new mind partial pressure, the estimate of an air active principle partial pressure is computed. A means to 
compute the estimate of an EGR gas active principle partial pressure from the estimate of this air active 
principle partial pressure, and the pressure-of-induction-pipe force, A means to compute the set point of an 
EGR gas flow rate based on the deflection of the estimate of the above-mentioned EGR gas active principle 
partial pressure, and the control-objectives value of the above-mentioned EGR gas active principle partial 
pressure, A means to compute the set point of the air flow rate which passes the above-mentioned throttle 
valve based on the deflection of the estimate of the above-mentioned air active principle partial pressure, 
and the control-objectives value of the above-mentioned air active principle partial pressure, and the air 
excess-and-deficiency component in the above-mentioned EGR gas, A means to compute the control input 
of the actuator which adjusts the amount of EGR(s) based on the set point and the pressure-of-induction- 
pipe force of the above-mentioned EGR gas flow rate, A means to compute the control input of the actuator 
which adjusts throttle opening based on the set point and the pressure-of-induction-pipe force of an air flow 
rate of passing the above-mentioned throttle valve, It is characterized by having a means to set up the final 
basic fuel oil consumption for computing the control input to the injector which injects a fuel. [0009] 
Invention according to claim 2 is characterized by calculating the estimate of the equivalent ratio of the 
above-mentioned EGR gas based on the output of an air-fuel ratio sensor in invention according to claim 1 . 
[0010] Invention according to claim 3 is characterized by calculating the estimate of the equivalent ratio of 
the above-mentioned EGR gas as first-order lag over the initial value of the above-mentioned equivalent 
ratio in a cylinder in invention according to claim 1 . 

[001 1] Invention according to claim 4 is characterized by calculating the estimate of the equivalent ratio of 
the above-mentioned EGR gas by the first-order lag of the initial value of the above-mentioned equivalent 
ratio in a cylinder, and the pressure-of-induction-pipe force and the dead time set up by the engine speed in 
invention according to claim 1 . 

[0012] In invention according to claim 1 to 4, in case invention according to claim 5 computes the set point 
of the above-mentioned EGR gas flow rate, it is characterized by applying the value which carried out time 
quadrature of the error of the pressure response forecast of an EGR gas active principle partial pressure, and 
the estimate of the above-mentioned EGR gas active principle partial pressure. 

[0013] In case invention according to claim 6 computes the set point of the air flow rate which passes the 
above-mentioned throttle valve, it is characterized by applying the value which carried out time quadrature 
of the error of the pressure response forecast of an air active principle partial pressure, and the estimate of 
the above-mentioned air active principle partial pressure. 

[0014] In invention according to claim 1 to 6, in case invention according to claim 7 computes the set point 
of the above-mentioned EGR gas flow rate, it is characterized by restricting to below the realizable 
maximum EGR gas flow rate. 

[0015] Invention according to claim 8 is characterized by setting up the above-mentioned maximum EGR 
gas flow rate according to a service condition. 

[0016] Invention according to claim 9 is characterized by making the above-mentioned maximum EGR gas 

flow rate into a controllable value in 1 control period in invention according to claim 7. 

[0017] In invention according to claim 1 to 9, in case invention according to claim 10 computes the set point 
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of the air flow rate which passes the above-mentioned throttle valve, it is characterized by restricting to 
below the realizable maximum air flow rate. 

[0018] Invention according to claim 1 1 is characterized by setting up the above-mentioned maximum air 
flow rate according to a service condition in invention according to claim 10. 

[0019] Invention according to claim 12 is characterized by making the above-mentioned maximum air flow 
rate into a controllable value in 1 control period in invention according to claim 10. 

[0020] invention according to claim 13 — invention according to claim 1 to 12 — setting — the above — it is 
characterized by making final basic fuel oil consumption into the initial value of the above-mentioned basic 
fuel oil consumption. 

[0021] invention according to claim 14 — invention according to claim 1 to 12 — setting — the above — it is 
characterized by setting up final basic fuel oil consumption based on the estimate of the above-mentioned air 
active principle partial pressure. 

[0022] invention according to claim 15 — invention according to claim 1 to 12 — setting — the above — it is 
characterized by setting up final basic fuel oil consumption based on the pressure response forecast of the 
above-mentioned air active principle partial pressure. 

[0023] Namely, in this invention, if the desired value of the parameter according to engine output states, 
such as an engine torque, is set up from an engine speed and the accelerator opening by actuation of an 
operator Based on this desired value, basic fuel oil consumption, an EGR rate, and the equivalent ratio in a 
cylinder are initialized, respectively, and the equivalent ratio of actual EGR gas is presumed from the initial 
value of the equivalent ratio in a cylinder. The estimate of the equivalent ratio of this EGR gas, Based on the 
initial value of the equivalent ratio in a cylinder, the initial value of basic fuel oil consumption, and the 
initial value of an EGR rate, the control-objectives value over the air active principle partial pressure of the 
pressure-of-induction-pipe force and the control-objectives value over the EGR gas active principle partial 
pressure of the pressure-of-induction-pipe force are set up, respectively. 

[0024] Next, using the inhalation-of-air system model in consideration of the new temper of passing a 
throttle valve, the air excess-and-deficiency component in EGR gas, and the active principle of EGR gas, the 
model value of the air excess-and-deficiency component partial pressure of EGR gas and the model value of 
an EGR gas active principle partial pressure are computed based on the ratio of the estimate of the 
equivalent ratio of EGR gas, and the initial value of the above-mentioned equivalent ratio in a cylinder, and 
the model value of a new mind partial pressure is computed based on the flow rate measurement value of a 
new temper. 

[0025] Furthermore, the estimate of an air active principle partial pressure is computed from the model 
value of the air excess-and-deficiency component partial pressure of EGR gas, and the model value of a new 
mind partial pressure. The estimate of an EGR gas active principle partial pressure is computed from the 
estimate of this air active principle partial pressure, and the pressure-of-induction-pipe force. While 
computing the set point of an EGR gas flow rate based on the deflection of the estimate of this EGR gas 
active principle partial pressure, and the control-objectives value of an EGR gas active principle partial 
pressure Based on the deflection of the estimate of an air active principle partial pressure, and the control- 
objectives value of an air active principle partial pressure, and the air excess-and-deficiency component in 
EGR gas, the set point of the air flow rate which passes a throttle valve is computed. 

[0026] And while computing the control input of the actuator which adjusts the amount of EGR(s) based on 
the set point and the pressure-of-induction-pipe force of an EGR gas flow rate, the final basic fuel oil 
consumption for computing the control input of the actuator which adjusts throttle opening based on the set 
point and the pressure-of-induction-pipe force of an air flow rate of passing a throttle valve, and computing 
the control input to the injector which injects a fuel is set up, and fuel-injection control, inhalation-of-air 
control, and EGR control are performed synthetically. 

[0027] In this case, the estimate of the equivalent ratio of EGR gas may be calculated based on the output of 
an air-fuel ratio sensor, and may be calculated by the first-order lag of the initial value of the equivalent ratio 
in a cylinder as first-order lag to the initial value of the equivalent ratio in a cylinder, and the pressure-of- 
induction-pipe force and the dead time set up by the engine speed. 

[0028] Moreover, it is desirable to apply the value which carried out time quadrature of the error of the 
pressure response forecast of an EGR gas active principle partial pressure and the estimate of an EGR gas 
active principle partial pressure, in case the set point of an EGR gas flow rate is computed, and in case the 
set point of the air flow rate which passes a throttle valve is computed, it is desirable to apply the value 
which carried out time quadrature of the error of the pressure response forecast of an air active principle 
partial pressure and the estimate of an air active principle partial pressure. 
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[0029] Moreover, in the value to which it was desirable to restrict to below the realizable maximum EGR 

gas flow rate as for the set point of an EGR gas flow rate, and this maximum EGR gas flow rate was set 

according to the service condition, or 1 control period, a controllable value is employable. 

[0030] In the value to which similarly it was desirable to restrict to below the realizable maximum air flow 

rate as for the set point of the air flow rate which passes a throttle valve, and this maximum air flow rate was 

set according to the service condition, or 1 control period, a controllable value is employable. 

[0031] Moreover, the initial value of basic fuel oil consumption may be used for final basic fuel oil 

consumption as it is, and it may set it up based on the estimate of an air active principle partial pressure, or 

the pressure response forecast of an air active principle partial pressure. 

[0032] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing, drawing 1 - drawing 8 - the 1st gestalt of operation of this invention ~ being 
involved — drawing 1 - the block diagram of a fuel, inhalation of air, and an EGR control section, and 
drawing 2 -- for the flow chart of a fixed manipulation routine, and drawing 5 , the flow chart of a fuel, 
inhalation of air, and an EGR control manipulation routine and drawing 6 are [ the whole engine control- 
system block diagram and drawing 3 / the flow chart of initialization routine, and drawing 4 / the 
explanatory view of an inhalation-of-air system model and drawing 8 of the flow chart of crank angle 
interruption routine and drawing 7 ] the explanatory views of gas column distinction. 
[0033] Drawing 2 shows the engine control system which performs synthetically fuel-injection control, 
inhalation-of-air control, and EGR control, and while the various sensors for detecting an engine operation 
condition are connected to the Maine control unit 20 which consists of a microcomputer which calculates 
various controlled variables, the various actuators for engine control are connected. 

[0034] As sensors connected to the above-mentioned Maine control unit 20 For every predetermined crank 
angle, a pulse signal The gas column distinction sensor 3 which outputs the pulse signal for the gas column 
distinction generated between the crank angle sensor 2 to output and the pulse signal outputted from this 
crank angle sensor 2, the accelerator opening sensor 4 which outputs the voltage signal according to the 
amount of treading in of the accelerator pedal which is not illustrated, There is inhalation air content sensor 
8 grade which measures the pressure-of-induction-pipe force sensor 5 which outputs the voltage signal 
according to the pressure of inhalation of air, the inlet-pipe temperature sensor 6 which outputs the voltage 
signal according to the gas temperature within inhalation of air, the air- fuel ratio sensor 7 which detects an 
air-fuel ratio, and a throttle passage air flow rate. 

[0035] Moreover, there is ignition coil 1 1 grade formed successively as actuators connected to the above- 
mentioned Maine control unit 20 by the injector 10 of each gas column which injects a fuel, and the ignition 
plug 12 for every gas column, and EGR valve 14 for carrying out adjustable [ of the throttle actuator 13 and 
the amount of EGR(s) for carrying out adjustable / of the throttle opening ] further is connected. 
[0036] As a function which computes the various parameters with which the above-mentioned Maine 
control unit 20 processes the signal from each sensors, and an engine operation condition is expressed 
Whenever [ judgment section 22 and crank angle ] the pulse recurrence-interval time amount calculation 
section 23, the engine-speed calculation section 24, the accelerator opening calculation section 25, the 
manifold total pressure calculation section 26, the gas-temperature calculation section 27 of inhalation of air, 
the air-fuel ratio calculation section 28, and the throttle passage air-flow-rate calculation section 29 
[ whenever / gas column distinction section 21 and crank angle ] It has, has the fuel, inhalation of air, and 
the EGR control section 30 used as the center of engine control further, and has each function of the 
injection pulse period calculation section 40, the fuel-injection-timing setting section 41, the injection pulse 
generating section 42, the ignition timing setting section 43, and the ignition signal generator 44 as a 
function concerning a controlled-variable output. 

[0037] Namely, the input configuration of the output pulse signal (crank pulse) from the crank angle sensor 
2 and the output pulse signal (gas column distinction pulse) from the gas column distinction sensor 3 
performs gas column distinction in the gas column distinction section 21, and a location is judged 
[ whenever / predetermined crank angle / of the specific gas column which carried out gas column 
distinction / whenever / crank angle / corresponding to the crank pulse by which a sequential input is carried 
out ] in the judgment section 22 whenever [ crank angle ] by making a location into a criteria crank location. 
Moreover, whenever [ crank angle ], by the pulse recurrence-interval time amount calculation section 23, the 
input spacing time amount of a crank pulse is clocked, the elapsed time of a between is computed whenever 
[ predetermined crank angle ], and an engine speed Ne is computed from the elapsed time of 180-degreeCA 
in the engine-speed calculation section 24. 
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[0038] Moreover, based on the output voltage value of the accelerator opening sensor 4, the accelerator 
opening (the amount of accelerator treading in) S is computed in the accelerator opening calculation section 
25, and the pressure-of-induction-pipe force (manifold total pressure is called hereafter) Pm is computed 
based on the output voltage value of the pressure-of-induction-pipe force sensor 5 in the manifold total 
pressure calculation section 26. 

[0039] Furthermore, based on the output voltage value of the inlet-pipe temperature sensor 6, the gas 
temperature Tm of inhalation of air is computed in the gas-temperature calculation section 27 of inhalation 
of air, an air-fuel ratio lambda is computed based on the output voltage of the air-fuel ratio sensor 7 in the 
air-fuel ratio calculation section 28, and the throttle passage air-flow-rate measurement value Qave is 
computed based on the output from the inhalation air content sensor 8 in the throttle passage air- flow-rate 
calculation section 29. 

[0040] On the other hand, a fuel, inhalation of air, and the EGR control section 30 are constituted from the 
target set torque section 31, the 1st load and combustion-control manager 32, a load and combustion-control 
manager 32of ** 2nd a, the inhalation-of-air system multiplier calculation section 33, the inhalation-of-air 
control manager 34, the control-factor calculation section 35, a F/B control section 36, the electronics 
control throttle (ETC) directions section 37, and the EGR directions section 38 by the detail, as shown in 
drawing 1 . 

[0041] In the target set torque section 31, if the target engine torque Tei is set up based on an engine speed 
Ne and the accelerator opening S and the basic fuel oil consumption and the EGR set point (EGR rate) 
corresponding to the target engine torque Tei are initialized by the 1 st load and combustion-control manager 
32, the pressure desired value within inhalation of air will be divided and set to an air active principle partial 
pressure and an EGR gas active principle partial pressure from basic fuel oil consumption and the EGR set 
point by the inhalation-of-air control manager 34. 

[0042] And according to the following inhalation-of-air system models, the estimate of an air active 
principle partial pressure and the estimate of an EGR gas active principle partial pressure are computed by 
the F/B control section 36. While computing the EGR valve passage quantity-of-gas-flow set point Qe based 
on the deflection of the estimate of an EGR gas active principle partial pressure, and the control-objectives 
value of an EGR gas active principle partial pressure Based on the deflection of the estimate of an air active 
principle partial pressure, and the control-objectives value of an air active principle partial pressure, and the 
air excess-and-deficiency component in EGR gas, the throttle-valve passage air- flow-rate set point Qa is 
computed. 

[0043] In addition, as for the subscript added to each parameter, i expresses [ a initial value and * / desired 
value and (-k) ] that it is a value in front of k control period (it is a value in front of 1 control period with a 
subscript (-1)). 

[0044] Here, an active principle and an excess-and-deficiency component are explained. First, an active 
principle shows the component for responding to desired value (initial value), and if a control air- fuel ratio 
is the equivalent (theoretical air fuel ratio), although an EGR gas active principle is the same value as the 
inerts (the component equivalent to the burnt gas in theoretical air fuel ratio; it consists of H20, C02, and 
N2 grade) which are non-air components in EGR gas, when a control air-fuel ratio is Lean, it will serve as a 
value which added inerts to the air component in EGR gas including the air for equivalent ratio. 
[0045] Although an excess-and-deficiency component shows a part for the excess and deficiency to an 
active component, and excess and deficiency are not produced in a steady state since exhaust air equivalent 
ratio is the same as target equivalent ratio, moreover, transitionally The target equivalent ratio which it is 
going to control from now on, and the exhaust air equivalent ratio of the EGR gas which flows back now are 
not in agreement in many cases, and in being target equivalent ratio > exhaust air equivalent ratio The 
excess air is produced in the EGR gas flowing back, and insufficient air is produced in the EGR gas which 
flows back in the case of target equivalent ratio < exhaust air equivalent ratio. Therefore, a part for this 
excess and insufficient air is controlled by the throttle valve and EGR valve control to a goal state. 
[0046] Next, the flow rate Qa of the new temper of passing throttle- valve lb infixed in inlet-pipe la of an 
engine 1 as the inhalation-of-air system model adopted by this invention is shown in drawing 7 (throttle 
passage air flow rate), The EGR gas flow rate (EGR valve passage quantity of gas flow) Qe which passes 
EGR valve 14 infixed in Id of exhaust air reflux tubing from exhaust pipe lc to inlet-pipe la is supplied in 
inlet-pipe la. By expecting the air content of the part which is the inhalation-of-air system model it is 
supposed that is flowed into the cylinder of an engine 1 (cylinder inflow capacity Qs), and is filled up with 
the inlet-pipe volume by throttle passage air flow Q a and the EGR valve passage quantity of gas flow Qe 
The target torque set up from the accelerator control input and the engine speed is transitionally realizable 
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on time. 

[0047] The new temper that the air active principle within inhalation of air passes throttle-valve lb, From 
the sum with the air excess-and-deficiency component in the EGR gas which passes EGR valve 14 The air 
active principle which flows into a cylinder is removed. Throttle passage air flow Q a, The EGR valve 
passage flow rate Qea of the air excess-and-deficiency component in EGR gas, the cylinder inflow flow Q 
so of the air active principle within inhalation of air, If a gaseous equation of state is applied using the gas 
constant Ra of the inlet-pipe volume Vm, gas-temperature Tm of inhalation of air, and an air active 
principle, time amount variation dPmo/dt of the air active principle partial pressure Pmo within inhalation of 
air can be expressed with the following (1) equations. 

dPmo/dt= (Qa+Qea-Qso) and Ra-Tm/Vm - (1) [0048] Moreover, except for the EGR gas active principle 
which flows into a cylinder, the gas constant Re of cylinder inflow flow Q see of the EGR valve passage 
flow rate Qee of an EGR gas active principle and an EGR gas active principle and an EGR gas active 
principle can express time amount variation dPmee/dt of the EGR gas active principle partial pressure Pmee 
within inhalation of air by the following (2) formulas similarly from the EGR gas active principle to which 
the EGR gas active principle within inhalation of air passes EGR valve 14. 

dPmee/dt= (Qee-Qsee) and Re-Tm/Vm - (2) [0049] The EGR valve passage flow rate Qea of the air 
excess-and-deficiency component of the EGR gas in the above-mentioned (1) formula and the EGR valve 
passage flow rate Qee of the EGR gas active principle in the above-mentioned (2) formula can be expressed 
like following (3) and (4) types, respectively by applying a ratio with target equivalent ratio phii which is 
the initial value of the equivalent ratio phi of the EGR gas in EGR valve 14 inlet port, and the equivalent 
ratio in a cylinder to the EGR valve passage quantity of gas flow Qe. 

Qea= (1 - phi/phii), Qe - (3) Qee= (phi/phii), Qe - (4) [0050] Moreover, the cylinder inflow flow Q see of 
cylinder inflow flow Q so of the air active principle in the above-mentioned (1) formula and the EGR gas 
active principle in the above-mentioned (2) formula can be expressed with the following (5) and (6) types 
using the number L of gas columns of the stroke volume Vs per 1 cylinder, volumetric-efficiency etav, and 
an engine, respectively. 

Qso=((Pmo-Vs)/(Ra-Tm)) -etav- (Ne-L/120) - (5) Qsee=((Pmee-Vs)/(Re-Tm)) -etav- (Ne-L/120) - (6) 
[0051] Therefore, if it replaces by the multipliers a, ba, and be which show the part in a formula in the above 
(1) and (2) types by the following (7) - (9) formulas with the application of the above-mentioned (3) - (5) 
type and a matrix type describes the above (1) and (2) types The following (10) types come to show. 
Throttle passage air flow Q a, Based on the ratio of the EGR valve passage quantity of gas flow Qe and the 
equivalent ratio phi of EGR gas, and target equivalent ratio phii, the time amount variation of the air active 
principle partial pressure Pmo and the time amount variation of the EGR gas active principle partial pressure 
Pmee can express the condition within inhalation of air. 



=(Vs/Vm) -etav- (Ne-L/120) - (7) ba=Ra-Tm/Vm 
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[0052] By using the above inhalation-of-air system model, it is based on the time amount variation of the air 
active principle partial pressure Pmo within inhalation of air, and the EGR gas active principle partial 
pressure Pmee. Throttle passage air flow Q a and the EGR valve passage quantity of gas flow Qe are 
computable. In the F/B control section 36 Feed back the deflection of the desired value of the EGR gas 
active principle partial pressure within inhalation of air, and the EGR gas active principle partial pressure 
estimate which is the calculated value of an EGR gas active principle partial pressure, and the EGR valve 
passage quantity of gas flow Qe is set up. Furthermore, the deflection of the desired value of the air active 
principle contained in this EGR valve passage quantity of gas flow Qe and the air active principle partial 
pressure within inhalation of air and the air active principle partial pressure estimate which is the calculated 
value of an air active principle partial pressure is fed back, and throttle passage air flow Q a is set up. 
[0053] And while setting up the final basic fuel oil consumption for computing the control input to an 
injector 10 by the 2nd load and combustion-control manager 32a and outputting to the injection pulse period 
calculation section 40 In the ETC directions section 37, from the manifold total pressure Pm and the throttle 
passage air-flow-rate set point Qa The throttle actuator indicated value Sa as a control input to the throttle 
actuator 13 which is a controlled system is set up, and it outputs to the throttle actuator 13. In moreover, the 
EGR directions section 38 From the manifold total pressure Pm and the EGR valve passage quantity-of-gas- 
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flow set point Qe, the EGR valve indicated value Se as a control input to EGR valve 14 is set up, and it 
outputs to EGR valve 14. In addition, the inhalation-of-air system multiplier calculation section 33 and the 
control-factor calculation section 35 compute the multiplier of an inhalation-of-air system model, and the 
multiplier of feedback control, respectively. 

[0054] In the injection pulse period calculation section 40, injection pulse period Tout as a control input to 
an injector 10 is computed from basic fuel-oil-consumption Gf* set up by above-mentioned fuel, inhalation 
of air, and EGR control section 30, it sets according to the fuel injection timing Tinj set up in this injection 
pulse period Tout and the fuel-injection- timing setting section 41 by whenever [ crank angle / of the 
specification which defined the injection pulse generating timer beforehand in the injection pulse generating 
section 42 ], and an injection pulse is outputted to an injector 10 to predetermined timing. 
[0055] Moreover, ignition timing Tig is set up based on an engine speed Ne and the target engine torque 
Tei, an ignition pulse generating timer is set by whenever [ specific crank angle / which was beforehand 
defined by the ignition signal generator 44 according to this ignition timing Tig ], an ignition signal is 
outputted to an ignition coil 1 1 to predetermined timing, and an ignition plug 12 is made to discharge in the 
ignition timing setting section 43. 

[0056] Hereafter, the fuel, the inhalation of air, and EGR control processing performed with the above- 
mentioned Maine control unit 20 are explained according to the flow chart of drawing 3 R> 3 - drawing 6 . 
[0057] When the ignition switch which drawing 3 does not illustrate is turned on, a power source is supplied 
to the Maine control unit 20 and a system is reset, It is the initialization routine by which interruption 
activation is carried out, and first, if CPU is initialized at step S10, control data will be initialized at step 
S20. At step S30 Inhalation-of-air system constants, such as the inlet-pipe volume Vm, the stroke volume 
Vs per 1 cylinder, the engine number L of gas columns, the gas constant Ra of an air active principle, and 
the gas constant Re of an EGR gas active principle, are set up, and it escapes from a routine. 
[0058] And after system initialization, while the fixed manipulation routine shown in drawing 4 is 
performed for every (every [ for example, ] 10ms) fixed time amount, interruption activation of the crank 
angle interruption routine shown in drawing 6 is carried out for every crank pulse input. 
[0059] In the fixed manipulation routine of drawing 4 , first, as processing of the accelerator opening 
calculation section 25, the accelerator opening S is computed by carrying out A/D conversion of the output 
of the accelerator opening sensor 4, and the manifold total pressure Pm is computed as processing of the 
manifold total pressure calculation section 26 at step S60 by step S50 by carrying out A/D conversion of the 
output of the pressure-of-induction-pipe force sensor 5. Furthermore, the gas temperature Tm within 
inhalation of air is computed at step S70 by carrying out A/D conversion of the output of the inlet-pipe 
temperature sensor 6 as processing of the gas-temperature calculation section 27 of inhalation of air. 
[0060] When it progresses to step S80, A/D conversion of the output of the inhalation air content sensor 8 is 
carried out and the throttle passage air-flow-rate measurement value Qave is computed, as processing of the 
throttle passage air-flow-rate calculation section 29 next, at step S90 As processing of the air-fuel ratio 
calculation section 28, an air-fuel ratio lambda is computed by carrying out A/D conversion of the output of 
the air- fuel ratio sensor 7. At step SI 00 An engine speed Ne is computed from the elapsed time of 180- 
degreeCA computed by the crank angle interruption routine of drawing 6 mentioned later as processing of 
the engine-speed calculation section 24, and it progresses to step SI 10. 

[0061] At step SI 10, the fuel, inhalation of air, and EGR control manipulation routine of drawing 5 are 
performed as processing of a fuel, inhalation of air, and the EGR control section 30, and basic fuel-oil- 
consumption Gf*, the throttle actuator indicated value Sa, and the EGR valve indicated value Se are 
computed on the basis of the target engine torque Tei. 

[0062] It progresses to step SI 20. Then, as processing of the injection pulse period calculation section 40 
Various correction terms and a reactive component are added and basic fuel-oil-consumption Gf 5 computed 
at the above-mentioned step SI 00 is converted into injection pulse period Tout. As processing of the fuel- 
injection-timing setting section 41 When fuel injection timing Tinj is set up with reference to the map which 
uses an engine speed Ne and the target engine torque Tei as a grid, at step SI 30 Ignition timing Tig is set up 
with reference to the map which uses an engine speed Ne and the target engine torque Tei as a grid as 
processing of the ignition timing setting section 43, and it escapes from a routine. 

[0063] Next, the fuel, inhalation of air, and EGR control manipulation routine in the above-mentioned step 
S 1 1 0 are explained based on drawing 5 . In this routine, with reference to the map which uses an engine 
speed Ne and accelerator opening S as a grid as processing of the target set torque section 3 1 , the target 
engine torque Tei is set up at step SI 50, and the inhalation-of-air system multiplier calculation section 33 is 
processed at step S 1 60. 
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[0064] In this inhalation-of-air system multiplier calculation processing, volumetric-efficiency etav is first 
set up based on an engine speed Ne and the manifold total pressure Pm. The inhalation-of-air system 
multipliers a, ba, and be by the above-mentioned (7) - (9) type and the inhalation-of-air system multipliers 
ca, ce, and d by the following (1 1) - (13) types are computed by engine-speed Ne, gas-temperature Tm 
within inhalation of air, volumetric-efficiency etav, and the inhalation-of-air system constants Vm, Vs, L, 
Ra, and Re. 

ca=a/ba=(Vs/(Ra-Tm)) -etav- (Ne-L/120) ~ (1 1) ce=a^e=(Vs/(Re-Tm)) -etav- (Ne-L/120) - (12) d =(Vs/ 
(Ra-Tm)) -etav - (13) [0065] As processing of the 1st load and combustion-control manager 32, based on 
an engine speed Ne and the target engine torque Tei, the basic fuel-oil-consumption initial value Gfi, the 
EGR set point EGRSi, and the equivalent ratio set point faii in a cylinder are set up by refer to the map, 
respectively, and processing by the inhalation-of-air control manager 34 is performed at step SI 80 in 
continuing step SI 70. 

[0066] In processing by the inhalation-of-air control manager 34, the equivalent ratio estimate fai which 
presumed the equivalent ratio of the EGR gas in EGR valve 14 inlet port from the equivalent ratio set point 
faii in a cylinder set up previously first is calculated. By and the following (15) - (17) types from the 
equivalent ratio estimate fai, the equivalent ratio set point faii, the basic fuel-oil-consumption initial value 
Gfi, the EGR set point EGRSi, the inhalation-of-air system multiplier d, and theoretical air fuel ratio ABFT 
Air active principle partial pressure desired value initial value Pmo*i, EGR gas active principle partial 
pressure desired value initial value Pmee*i, Manifold total pressure desired value initial value Pm*i is 
computed, and the ratio of the equivalent ratio estimate fai and the equivalent ratio set point faii by the 
following (18) types is computed as an equivalent ratio multiplier rfai. 

Pmo*i = (1/d), Gfi, and ABFT/faii - (15) Pmee*i=EGRSi/(l -EGRSi) -(Re/Ra) -Pmo*i - (16) Pm*i 
=Pmo*i+Pmee*i - (17) rfai =fai/faii - (18) [0067] Although the above-mentioned equivalent ratio estimate 
fai can acquire the precision which was most excellent in using the equivalent ratio calculation value 
computed from the actual air- fuel ratio lambda when the air- fuel ratio sensor 7 is a broader-based mold air- 
fuel ratio sensor As shown in the following (19) types, in consideration of the transportation lag time 
amount of the combustion gas which occurs for piping of EGR etc., the equivalent ratio estimate fai may be 
computed by the first-order lag of the equivalent ratio set point faii with a weighted average from the 
equivalent ratio set point faii in front of k control period (-k). 

fai= (1-q) and fai(-l)+q-faii (-k) —(19), however q: Weighted average multiplier [0068] Although it is good 
also as a constant which set up the weighted average multiplier q beforehand when calculating the 
equivalent ratio estimate fai by the weighted average by the above-mentioned (19) formula, strictly Since 
the transportation lag time amount of combustion gas changes with service conditions, so that first-order lag 
can be set up the optimal by the service condition The weighted average multiplier q is set up from the 
manifold total pressure Pm, and, as for the equivalent ratio set point faii in front of k control period (-k), it is 
desirable to consider as the value in front of k period equivalent to the dead time set up with an engine speed 
Ne and the manifold total pressure Pm. In addition, in simple, as shown in the following (20) types, the 
equivalent ratio set point faii may be set up as equivalent ratio estimate fai as it is. 

fai=faii - (20) [0069] Then, it progresses to step S190 and the feedback multipliers fl , £2, hi, h2, gl, and g2 
shown by the following (21) - (26) formulas with the inhalation-of-air system multipliers ba, be, ca, and ce 
and the equivalent ratio multiplier rfai are computed as processing of the control-factor calculation section 
35. 

fl=(l/(ba-dt)) -n - (21) f2=(l/(frfai-be-dt)) -n - (22) hl=ca - (23) h2=ce/rfai - (24) gl=m/Ne - (25) 
g2=m/Ne --(26), however dtxontrol period n: Weighting factor (0< n<l) 
m : integral control multiplier (m>=0) 

[0070] Subsequently, according to the inhalation-of-air system model which progressed to step S200 and 
was mentioned above, the F/B control section 36 which computes the throttle passage air- flow-rate set point 
Qa and the EGR valve passage quantity-of-gas-flow set point Qe is processed. In this processing, first, in 
order to presume each time amount variation of an air active principle partial pressure and an EGR gas 
active principle partial pressure, according to an inhalation-of-air system model, the new mind partial 
pressure model value Pfa for inhalation air is computed by the throttle passage air flow rate which computed 
the air excess-and-deficiency component partial pressure model value Pfea of EGR gas, and the EGR gas 
active principle partial pressure model value Pfee based on the equivalent ratio multiplier rfai, and was 
actually measured. 

[0071] And the sum of the air excess-and-deficiency component partial pressure model value Pfea of EGR 
gas and the new mind partial pressure model value Pfa is computed as air active principle partial pressure 
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estimate Pmo, and the value which subtracted the air active principle partial pressure estimate Pmo from the 
manifold total pressure Pm is computed as EGR gas active principle partial pressure estimate Pmee in order 
to make total of each partial pressure model values Pfea, Pfee, and Pfa in agreement with the manifold total 
pressure Pm which is the actual measurement of the pressure-of-induction-pipe force. 

[0072] That is, while raising the presumed precision of an EGR gas active principle partial pressure by using 
the equivalent ratio multiplier rfai, the model error for EGR is corrected by making total of each partial 
pressure in agreement with the manifold total pressure Pm, without correcting the new mind partial pressure 
model value Pfa calculated from the actual inhalation air content, the effect of an intake-air temperature, an 
atmospheric pressure, valve clearance, etc. is eliminated, and the presumed precision of an air active 
principle partial pressure is raised. 

[0073] The deflection of the EGR gas active principle partial pressure desired value initial value Pmee*i and 
the EGR gas active principle partial pressure estimate Pmee which were computed by processing by the 
above-mentioned inhalation-of-air control manager 34 is fed back, and the EGR valve passage quantity of 
gas flow Qe is calculated. Subsequently, further The deflection of the air active principle partial pressure 
desired value initial value Pmo*i and the air active principle partial pressure estimate Pmo which were 
computed by processing by the above-mentioned inhalation-of-air control manager 34 is similarly fed back 
using this EGR valve passage quantity of gas flow Qe, and it asks for throttle passage air flow Q a. 
[0074] Specifically the air excess-and-deficiency component partial pressure model value Pfea of EGR gas, 
and the EGR gas active principle partial pressure model value Pfee The inhalation-of-air system multipliers 
a, ba, and be, the equivalent ratio multiplier rfai, the EGR valve passage quantity-of-gas-flow set point Qe (- 
1 ) in front of 1 control period, The air excess-and-deficiency component partial pressure model value Pfea 
of the EGR gas in front of 1 control period (-1) It is computed by the following (27) and (28) types using the 
EGR gas active principle partial pressure model value Pfee in front of 1 control period (-1). Moreover, the 
new mind partial pressure model value Pfa of inhalation air It is computed by the following (29) types using 
the throttle passage air- flow-rate measurement value Qave actually measured by the inhalation air content 
sensor 8. 

Pfea= (1-a-dt), Pfea(-1)+ = (1-a-dt), Pfa(-l)+(ba-dt), and Qave (ba-dt) -(1-rfai)- Qe (-1) - (27) Pfee=(l-a-dt) 
andPfee(-l)+ (be-dt) -rfai-Qe (-1) - (28) Pfa - (29) [0075] Next, using the new mind partial pressure model 
value Pfa computed by the air excess-and-deficiency component partial pressure model value Pfea of the 
EGR gas computed above (27), and the above-mentioned (29) formula, the air active principle partial 
pressure estimate Pmo is computed by the following (30) types, and the EGR gas active principle partial 
pressure estimate Pmee is further computed by the following (31) types from this air active principle partial 
pressure estimate Pmo and the manifold total pressure Pm measured by the pressure-of-induction-pipe force 
sensor 5. 

Pmo=Pfa+Pfea ~ (30) Pmee=Pm-Pmo - (31) [0076] in addition - air -- an active principle - a partial 
pressure — estimate — Pmo — a manifold — total pressure — Pm — from — new — mind — a partial pressure — 
a model — a value — Pfa — having subtracted — EGR gas — a partial pressure — EGR gas — air — excess and 
deficiency — a component — a partial pressure — a model — a value — Pfea — EGR gas — an active principle 
— a partial pressure — a model — a value — Pfee — the sum — ****** — leading — having — EGR gas — a 
partial pressure — a ratio — EGR gas — air — excess and deficiency — a component — a partial pressure ~ a 
model — a value — Pfea — having corrected — the following — (-- 32 --) — a formula — you may compute . 
Pmo=Pfa+Pfea and (Pm-Pfa)/(Pfea+Pfee) - When EGR is not carried out by (32), however =(Pfea+Pfee) 0, 
it is =(Pm-Pfa) 0 and considers as Pmo=Pfa. 

[0077] And according to the deflection of the desired value of an EGR gas active principle partial pressure, 
and estimate, the EGR valve passage quantity-of-gas-flow initial value Qei is computed by the following 
(33) types using EGR gas active principle partial pressure desired value initial value Pmee*i, the EGR gas 
active principle partial pressure estimate Pmee, and the feedback multipliers f2, h2, and g2. 
Qei=h2andPmee+f2- (Pmee*i-Pmee) - (33) [0078] For a certain reason, that it is not necessarily an 
implementation possible value also saturates the range of the following (34) types (range below or more 0 
maximum-stream-flow (Qe) max), it is made into a controllable (implementation is possible) flow rate, and, 
as for the EGR valve passage quantity-of-gas-flow initial value Qei computed by the above-mentioned (33) 
formula, makes this flow rate the final EGR valve passage quantity-of-gas-flow set point Qe. 
0<=Qe<= (Qe) max - (34) [0079] In this case, although the above-mentioned maximum EGR valve passage 
quantity-of-gas-flow (Qe) max is good also as a constant for which it asked by experiment etc. beforehand, 
since a controllable EGR valve passage quantity of gas flow is dependent on the manifold total pressure Pm, 
it can realize exact F/B control by using the value set up by refer to the map etc. based on the manifold total 
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pressure Pm. 

[0080] When controlling an EGR valve passage quantity of gas flow, furthermore, a controllable flow rate 
(it can be made to change) Since it is restricted by the manifold total pressure Pm and the EGR valve 
passage quantity of gas flow Qe (-1) in front of 1 control period, The maximum EGR valve passage 
quantity-of-gas-flow variation (deltaQe) max is set up from the EGR valve indicated value Se in front of the 
manifold total pressure Pm and 1 control period (-1). By using maximum EGR valve passage quantity-of- 
gas-flow (Qe) max computed by the following (35) formulas with this maximum EGR valve passage 
quantity-of-gas-flow variation (deltaQe) max and the EGR valve passage quantity-of-gas-flow set point Qe 
(-1) in front of 1 control period More exact F/B control is realizable. 

(Qe) max=Qe(-l)+(deltaQe) max - (35) [0081] Then, according to the following (36) types, the throttle 
passage air- flow-rate initial value Qai is computed using the above-mentioned EGR valve passage quantity- 
of-gas-flow set point Qe with the air active principle partial pressure estimate Pmo, air active principle 
partial pressure desired value initial value Pmo*i, the equivalent ratio multiplier rfai, and the feedback 
multipliers fl, hi, and gl. And the computed throttle passage air- flow-rate initial value Qai is saturated in 
the range of the following (37) types (range below or more 0 maximum-stream-flow (Qa) max), and the 
throttle passage air- flow-rate set point Qa is defined. 

Qai=hl, Pmo+fl and (Pmo*i-Pmo)- (1-rfai), Qe - (36) 0<=Qa<= (Qa) max - (37) [0082] Also in this case, 
like the case of the above-mentioned maximum EGR valve passage quantity-of-gas-flow (Qe) max, the 
above-mentioned maximum throttle passage air-flow-rate (Qa) max is good also as a constant set up 
beforehand, and the value set up by refer to the map etc. based on the manifold total pressure Pm in 
consideration of the controllable flow rate may be used for it. Furthermore, the maximum throttle passage 
air- flow-rate variation (deltaQa) max may be set up with the manifold total pressure Pm and the throttle 
actuator indicated value Sa (-1) in front of 1 control period, and maximum throttle passage air- flow-rate 
(Qa) max computed by the following (38) formulas with this maximum throttle passage air-flow-rate 
variation (deltaQa) max and the throttle passage air- flow-rate set point Qa (-1) in front of 1 control period 
may be used. 

(Qa) max=Qa(-l)+(deltaQa) max - (38) [0083] By the above, if processing of the F/B control section 36 in 
the above-mentioned step S200 ends, it will progress to step S210 next, and based on throttle passage air 
flow Q a and the manifold total pressure Pm which were computed at the above-mentioned step S200, the 
throttle actuator indicated value Sa is computed by refer to the map as processing of the ETC directions 
section 37. Furthermore, as processing of the EGR directions section 38, based on the EGR valve passage 
quantity-of-gas-flow set point Qe and the manifold total pressure Pm which were computed at the above- 
mentioned step S200, the EGR valve indicated value Se is computed by refer to the map, and it progresses 
to step S230 at step S220. 

[0084] At step S230, basic fuel-oil-consumption GP final as processing of the 2nd load and combustion- 
control manager 32a is set up, and it escapes from a routine. As shown in the following (39) types, the basic 
fuel-oil-consumption initial value Gfi can be used for it as it is, this final basic fuel-oil-consumption Gf* is 
good also as control of fuel priority, and the engine torque which avoided the control delay of the fuel 
quantity by the detection delay of air, and followed accelerator actuation of an operator can be generated, 
and it can improve the responsibility over an operators demand output. 

Gf*=Gfi - (39) [0085] Moreover, since delay may generate [ as opposed to / in fact / a control-objectives 
value ] the response of the pressure-of-induction-pipe force in this case, as it is shown in the following (40) 
types using the air active principle partial pressure estimate Pmo, the equivalent ratio set point faii, the 
inhalation-of-air system multiplier d, and theoretical air fuel ratio ABFT, according to the realistic pressure- 
of-induction-pipe force, basic fuel-oil-consumption Gf* final in D-JETRO may be computed, and the Air 
Fuel Ratio Control nature of a transient can be improved. 

Gf |c =d-Pmo-faii/ABFT — As opposed to the fixed manipulation routine more than (40) in the crank angle 
interruption routine of drawing 6 First, according to the number of the gas column distinction pulses from 
the gas column distinction sensor 3 generated between the crank pulses from the crank angle sensor 2, a 
current gas column is distinguished as processing by the gas column distinction section 21 at step S300. 
Furthermore, processing distinguish a gas column after [ whose ] following the number of the crank pulses 
generated succeedingly is performed, and distinction processing is performed [ whenever / crank angle ] at 
step S3 10 whenever [ by the judgment section 22 / crank angle ]. 

[0086] As shown in drawing 8 , with this gestalt, a crank pulse is outputted from the crank angle sensor 2 for 
every BTDC97" of each gas column, 65 degree, and 10-degreeCA. From a gas column distinction sensor 
Between BTDC97" of a 3 cylinder, and BTDC10" of # 1 cylinder which is a front ignition gas column, # 
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Three gas column distinction pulses, # One gas column distinction pulse is outputted between BTDC97" of 
two gas column distinction pulses, #1, and # 2 cylinder, and BTDC10" of a front ignition gas column 
between BTDC97" of a 4-cylinder, and BTDC10" of # 2 cylinder which is a front ignition gas column. 
[0087] Therefore, the crank pulse whenever the gas column distinction pulse was inputted, after counting 
the pulse number and inputting three gas column distinction pulses The crank pulse of BTDC97" of a 3 
cylinder, and the crank pulse after two gas column distinction pulses were inputted # The crank pulse of 
BTDC97" of # 4-cylinder, The crank pulse after one gas column distinction pulse was inputted is a 
BTDC97 M crank pulse of # 1 cylinder or # 2 cylinder, and if pre- gas column distinction is # 4-cylinder and 
# 1 cylinder and pre- gas column distinction are # 3 cylinders, it will be distinguished from # 2 cylinder. 
[0088] Moreover, the crank location of BTDC65" and BTDC10" is judged with the pulse number from the 
crank pulse of BTDC97", the crank pulse of BTDC97" of # 1 cylinder is set to 0 (criteria location), 
whenever a crank pulse is inputted, it carries out sequential count-up with 1, 2, 3, and — , and it distinguishes 
a crank location according to the counted value from a criteria location. 

[0089] At continuing step S320, whenever [ crank angle ] as processing of the pulse recurrence-interval time 
amount calculation section 23 the elapsed time to this crank pulse interruption generating from the last crank 
interruption generating — that is The elapsed time to this crank pulse input from the last crank pulse input is 
clocked. The elapsed time for 93 degrees whenever [ from MT93 and the crank pulse input of BTDC97" to 
the crank pulse input of BTDC65" / crank angle ] the elapsed time for 32 degrees [ whenever / crank angle / 
from the crank pulse input of BTDC10" to the crank pulse input of BTDC97" ] It stores in memory by 
setting elapsed time for 55 degrees to MT55 whenever [ from MT32 and the crank pulse input of BTDC65" 
to the crank pulse input of BTDC10" / crank angle ]. The sum total of each elapsed time MT93, MT32, and 
MT55 is used for calculation of an engine speed Ne as elapsed time of 180-degreeCA. 

[0090] At step S3 30, processing of the fuel-injection-timing setting section 41 and the ignition timing setting 
section 43 is performed, and fuel injection timing and ignition timing are determined. That is, while 
converting into injection timing the fuel injection timing Tinj set up by the fixed manipulation routine from 
the specific crank angle defined beforehand, the ignition timing Tig similarly set up by the fixed 
manipulation routine is converted into ignition timing from the specific crank angle defined beforehand. 
[0091] At step S340, when it is interruption of whenever [ specific crank angle / which this crank angle 
interruption defined beforehand as processing of the injection pulse generating section 42 ], an injection 
pulse generating timer is set. Further and at step S350 As processing of the ignition signal generator 44, 
similarly, when it is interruption of whenever [ specific crank angle / which this crank angle interruption 
defined beforehand ], an ignition pulse generating timer is set and it escapes from a routine. Consequently, 
an injection pulse is outputted to an injector 10 from an injection pulse generating timer to the injection 
timing determined at the above-mentioned step S330, a fuel is injected, an ignition pulse is outputted to an 
ignition coil 1 1 from an ignition pulse generating timer by the ignition timing determined at the above- 
mentioned step S330, and ignition by the ignition plug 12 is performed. 

[0092] By the above, inhalation-of-air control and EGR control are performed to the fuel oil consumption 
corresponding to a target engine torque, presuming an air active principle and an EGR gas active principle. 
The inhalation air at the time of being filled up with the inlet-pipe volume of a throttle- valve lower stream of 
a river, and the response delay of EGR gas, The effect of responsibility which compensates the hard 
response delay of a throttle system and an EGR system, and is different by the throttle system and the EGR 
system is removable. By furthermore, the thing for which feedback to the actual inhalation air content 
produced as an actuation result of a throttle system is performed The flow rate change by change of the flow 
rate deflection by the variation between the individuals of a throttle valve, and the opening area by the 
temperature change of a throttle valve, The flow rate change by the bulb contamination produced with the 
blow-by gas of a throttle valve etc. can be avoided beforehand, control responsibility can be improved, and 
the flattery nature to accelerator actuation can be improved. 

[0093] That is, while being able to realize optimization of fuel oil consumption, optimization of an 
inhalation air content, and optimization of the amount of EGR(s) and being able to aim at improvement in 
an operation feeling, and reduction of exhaust gas emission according to actuation of an operator by 
performing synthetically fuel-injection control, inhalation-of-air control, and EGR control, the 
controllabilities in an extensive air-fuel ratio not only including a SUTOIKIO field but the Lean field can be 
improved, and free Air Fuel Ratio Control according to a service condition can be realized. 
[0094] With respect to the 2nd gestalt of operation of this invention, drawing 9 is the block diagram of a 
fuel, inhalation of air, and an EGR control section, and drawing 10 of drawing 9 and drawing 10 is the flow 
chart of a fuel, inhalation of air, and an EGR control manipulation routine. 
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[0095] As this gestalt is shown in drawing 9 to the 1st above-mentioned gestalt, it sets to a fuel, inhalation of 
air, and the EGR control section 30. While changing the F/B control section 36 of the 1st gestalt, and the 
contents of processing of the 2nd load and combustion-control manager 32a a little and being referred to as 
F/B control-section 36A, and the 2nd load and combustion-control manager 32b, respectively 2nd 
inhalation-of-air control manager 34a is added for the inhalation-of-air manager 34 of the 1st gestalt to this 
1st inhalation-of-air control manager 34 as 1st inhalation-of-air manager 34. 

[0096] Namely, with this gestalt, it sets to 2nd inhalation-of-air control manager 34a. EGR gas active 
principle partial pressure forecast Pmee* which is the theoretical pressure response forecast of an EGR gas 
active principle partial pressure, and air active principle partial pressure forecast Pmo* which is the 
theoretical pressure response forecast of an air active principle partial pressure are computed. By F/B 
control-section 36A In case the EGR valve passage quantity-of-gas-flow initial value Qei is computed, the 
time quadrature value of the error of EGR gas active principle partial pressure forecast Pmee* and the EGR 
gas active principle partial pressure estimate Pmee is used. Moreover, in case the throttle passage air- flow- 
rate initial value Qai is computed, he is trying to use the time quadrature value of the error of air active 
principle partial pressure forecast Pmo* and the air active principle partial pressure estimate Pmo. 
Furthermore, final basic fuel-oil-consumption Gf* is computed by the 2nd load and combustion-control 
manager 32b using air active principle partial pressure forecast Pmo*. 

[0097] With this gestalt, to the fuel, inhalation of air, and EGR control manipulation routine of the 1st 
gestalt shown in drawing 5 , as shown in drawing 10 While changing the contents of the processing in step 
S200 into processing by F/B control-section 36A from processing by the F/B control section 36 The 
contents of the processing in step S230 are changed into processing by the 2nd load and combustion-control 
manager 32b from processing by the 2nd load and combustion-control manager 32a. Between the EGR 
valve indicated-value calculation processing by the EGR directions section 38 of step S220, and the final 
calculation processing of basic fuel oil consumption by the 2nd load and combustion-control manager 32b 
of step S230, step S225 which processes 2nd inhalation-of-air control manager 34a is inserted. 
[0098] In processing by F/B control-section 36A of step S200 Although the air active principle partial 
pressure estimate Pmo and the EGR gas active principle partial pressure estimate Pmee are computed and 
the EGR valve passage quantity-of-gas-flow initial value Qei and the throttle passage air- flow-rate initial 
value Qai are computed after that like the 1st gestalt Under the present circumstances, to the 1st gestalt, as 
shown in the following (41) and (42) types, the time quadrature value Imee of the EGR gas active principle 
partial pressure error in front of 1 control period (-1) and the time quadrature value Imo (-1) of an air active 
principle partial pressure error are applied, respectively. 

Qei=h2, Pmee+f2, and(Pmee*i-Pmee) + g2 and Imee (-1) - (41) Qai=hl, Pmo+fl, and (Pmo*i-Pmo) - (1- 
rfai) -Qe+gl, Imo (-1) - (42) Above (41), (42) Like the 1st gestalt, the EGR valve passage quantity-of-gas- 
flow initial value Qei computed by the formula and the throttle passage air-flow-rate initial value Qai 
saturate the range of the maximum stream flow from 0, and are taken as the EGR valve passage quantity-of- 
gas-flow set point Qe and the throttle passage air-flow-rate set point Qa. 

[0099] On the other hand by processing by 2nd inhalation-of-air control manager 34a in step S225 First, the 
air active principle partial pressure estimate Pmo, the throttle passage air-flow-rate set point Qa, With the 
time quadrature value Imo (-1) and the feedback multipliers fl, hi, and gl of an air active principle partial 
pressure error in front of the EGR valve passage quantity-of-gas-flow set point Qe, the equivalent ratio 
multiplier rfai, and 1 control period Air active principle partial pressure target correction value Pmoh* 
which is the pressure desired value equivalent to the set-up throttle passage air flow rate is computed by the 
following (43) types. 

Pmoh*=(l/fl) - (Qa+ (1-rfai), Qe + (fl -hi) and Pmo-gl, Imo (-1)) - (43) [0100] Furthermore, EGR gas 
active principle partial pressure target correction value Pmeeh* which is the pressure desired value which is 
equivalent to the set-up EGR valve passage quantity of gas flow with the EGR gas active principle partial 
pressure estimate Pmee, the EGR valve passage quantity-of-gas-flow set point Qe, the time quadrature value 
Imee of the EGR gas active principle partial pressure error in front of 1 control period (-1), and the feedback 
multipliers f2, h2, and g2 is computed by the following (44) types. 

Pmeeh*=(l/f2) - (Qe+ (£2-h2), Pmee -g2, and Imee (-1)) - (44) [0101] Subsequently, air active principle 
partial pressure forecast Pmo* is computed by the following (45) types using air active principle partial 
pressure target correction value Pmoh*, air active principle partial pressure forecast Pmo* in front of 1 
control period (-1), the feedback multiplier fl , and the inhalation-of-air system multiplier ba. 
Pmo*=(l-fl and ba-dt) andPmo*(-l)+ (fl and ba-dt) -Pmoh* ~ (45) [0102] Moreover, EGR gas active 
principle partial pressure forecast Pmee* is computed by the following (46) types using EGR gas active 
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principle partial pressure target correction value Pmeeh*, EGR gas active principle partial pressure forecast 
Pmee* in front of 1 control period (-1), the equivalent ratio estimate fai, the feedback multiplier f2, and the 
inhalation-of-air system multiplier be. 

Pmee*=(l-f2 and rfai-be-dt) andPmee*(-l)+ (f2 and rfai-be-dt) -Pmeeh* - (46) [0103] And while 
computing the time quadrature value Imo of the error of air active principle partial pressure forecast Pmo* 
and the air active principle partial pressure estimate Pmo by the following (47) types, the time quadrature 
value Imee of the error of EGR gas active principle partial pressure forecast Pmee* and the EGR gas active 
principle partial pressure estimate Pmee is computed by the following (48) types. 

Imo =Imo(-l)+ (Pmo*-Pmo), dt - (47) Imee=Imee(-l)+ (Pmee*-Pmee), dt - (48) [0104] In simple, air 
active principle partial pressure target correction value Pmoh* by the above-mentioned (43) formula and 
EGR gas active principle partial pressure target correction value Pmeeh* by the above-mentioned (44) 
formula can mitigate the count load of CPU greatly, although it is also possible to consider as air active 
principle partial pressure desired value initial value Pmo*i and EGR gas active principle partial pressure 
desired value initial value Pmee*i and control precision falls a little, respectively, as shown in the following 
(49) and (50) types. 

Pmoh* =Pmo*i - (49) Pmeeh*=Pmee*i - (50) [0105] In processing by F/B control-section 36A In this 
case, the EGR valve passage quantity-of-gas-flow initial value Qei, When saturating the throttle passage air- 
flow-rate initial value Qai in the range of the maximum stream flow from 0, respectively, Respond to the 
size relation between a initial value and the maximum stream flow, set / clear the saturation flags E and A, 
respectively, and by processing by 2nd inhalation-of-air control manager 34a It may be made to set up the 
time quadrature value Imo of an air active principle partial pressure error, and the time quadrature value 
Imee of an EGR gas active principle partial pressure error according to the value of each saturation flag, and 
a count load is mitigable, securing control precision to some extent. 

[0106] That is, when the EGR valve passage quantity-of-gas-flow initial value Qei and the EGR valve 
passage quantity-of-gas-flow set point Qe are equal, the saturation flag E is cleared, and when the EGR 
valve passage quantity-of-gas-flow initial value Qei differs from the EGR valve passage quantity-of-gas- 
flow set point Qe, the saturation flag E is set. Moreover, when the throttle passage air-flow-rate initial value 
Qai and the throttle passage air-flow-rate set point Qa are equal, the saturation flag A is cleared, and when 
the throttle passage air-flow-rate initial value Qai differs from the throttle passage air-flow-rate set point Qa, 
the saturation flag A is set. 

[0107] And when both the saturation flags A and E are cleared, the time quadrature value Imo of an air 
active principle partial pressure error is computed by the above-mentioned (47) formula, and when either of 
the saturation flags A and E is set, as shown in the following (51) types, let the time quadrature value Imo of 
an air active principle partial pressure error be a value in front of 1 control period. Moreover, when the 
saturation flag E is cleared, the time quadrature value Imee of an EGR gas active principle partial pressure 
error is computed by the above-mentioned (48) formula, and when the saturation flag E is set, as shown in 
the following (52) types, let the time quadrature value Imee of an EGR gas active principle partial pressure 
error be a value in front of 1 control period. 

Imo = Imo (-1) ~ (51) Imee=Imee (-1) - (52) [0108] Moreover, in processing by the 2nd load and 
combustion-control manager 32b of step S230, final basic fuel-oil-consumption Gf* is computed from the 
basic fuel-oil-consumption initial value Gfi according to the following (53) types using air active principle 
partial pressure forecast Pmo* computed by 2nd inhalation-of-air control manager 34a, the equivalent ratio 
set point faii, the inhalation-of-air system multiplier d, and theoretical air fuel ratio ABFT. 
Gf*=d-Pmo* and faii/ABFT - (53) [0109] Although it is also possible to adopt processing by the 2nd load 
and combustion-control manager 32a of the 1st gestalt about calculation processing of this final basic fuel- 
oil-consumption Gf\ without using air active principle partial pressure forecast Pmo* by the 2nd load and 
combustion-control manager 32b of this gestalt Like this gestalt by predicting theoretically the response 
value of the pressure-of- induction-pipe force over the current amount of control operation using air active 
principle partial pressure forecast Pmo* According to the hard delay of a throttle system or an EGR system 
of operation, or the delay of processing computation time, the delay produced in an actual inhalation-of-air 
system is avoided, the effect of pulsation etc. can be removed, the flattery nature to a transitional change of 
an air content can be improved, and highly precise control of air- fuel ratio priority can be realized. 
[01 10] Moreover, with this gestalt, since the EGR valve passage quantity-of-gas-flow initial value Qei and 
the throttle passage air-flow-rate initial value Qai are computed using the integral values Imee and Imo of a 
control error in case feedback to the actual inhalation air content produced as an actuation result of a throttle 
system is performed to the 1st above-mentioned gestalt, the flattery nature of desired value to disturbance 
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can improve, and F/B control precision can be improved. 
[0111] 

[Effect of the Invention] As opposed to the fuel oil consumption corresponding to the desired value of the 
parameter corresponding to engine output states, such as a target engine torque, according to [ as explained 
above ] this invention In order to perform feedback to the actual inhalation air content which performs 
inhalation-of-air control and EGR control, and is produced as an actuation result of a throttle system, 
presuming an air active principle and an EGR active principle, While compensating the hard response delay 
of the inhalation air at the time of being filled up with the inlet-pipe volume of a throttle-valve lower stream 
of a river and the response delay of EGR gas, a throttle system, and an EGR system The flow rate deflection 
remove the effect of responsibility which is different by the throttle system and the EGR system, and 
according to the variation between the individuals of a throttle valve, The flow rate change by the bulb 
contamination produced with the blow-by gas of the flow rate change by change of the opening area by the 
temperature change of a throttle valve and a throttle valve etc. is beforehand avoidable. 
[0112] That is, according to actuation of an operator, fuel-injection control, inhalation-of-air control, and 
EGR control can be performed synthetically, optimization of fuel oil consumption, optimization of an 
inhalation air content, and optimization of the amount of EGR(s) can be realized, control responsibility is 
improved, the flattery nature to accelerator actuation is improved, and the effectiveness excelled — 
improvement in an operation feeling and reduction of exhaust gas emission can be planned — is acquired. 

[Translation done.] 
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^jS*£)£5> 4 E GR^W» 4 fcfRm 
J&t^l/tcSet^ EGR**^©^^jg^FJgfiS^JE©^& 

e g R*'x©^aJ:t©fi^fiii±ie-> >; > ^rt^atb© 

f^KEffli©It»cS-3»,»"<:j|tffl?- S— $?M#EE© 

4. 

_klB EGR*^ <DQMT&fi&mfrftEE<D*: f^MB 4 _tI3 

EtliA>^EGR # X W$«£##EE©«£5E<iI*fi£ fflf S 
3N84. 

±IB E G R # X^J&##JE©ff 5£fii4±fe E G RtfX 

mwmftftmofflwmmmtvmmtmi^x. egr 

©*flflPg£HB4©{§^ _tfeEGR#Xt£©£M 

s^mss*©^ffl€rStH-rs^s:£ . 

±IB E G R *'X^fi©g3Effl£ ©SmEE2> £ {tS-3l,> 
r. EGRS^Ugp-r-ST^^^x-^CD^S^m 

-rs#g4. 

ifBxa? h^^^iiii-r-5SMi^a©g^ffl£© 
±fBEGR^©^SJ:t©Ji^fii^. £ 

m-fe>-9-©ai^(cS'5^-c*fes c t zmwit t -sit 
i iB«s©i>^>©$«ffl^a. 

(IWS13 3 ±lBEGR^/X©3SJ:b©}g^ffi?r. ± 
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t*«)SC i^r^iT-Sff^Jl 1 IBtS©x>y>cr)*IJ 
Cf»*S4] ±IBEGR*'X©^aJ:b©«Sffl*. Jb 

ib-> y > ^rts«tfc©iPBBHfleiB<o— yarn 4 . ©mtr 

EE# 4 x > s?>BieK(c iotm fc&!5*B#p.g t iC <fc 
i*««i-r l IBtg©x>y>(D*iJ 

SPSS. 

[81*95 3 ±IBEGR^8£fi©IS^fii^mai-r-S 
RL EGR ^fX W^)^^£E©£E^^l'Jffl<b ±IB E 

«*flo*4 c i*»«4-r*Bi*3a i ~4©i>-r*i>&>— 

CClB*g©x > i? >©$«£|g 0 

S©^ffl?:^Ui-rSI^, 2«*^^E©EKM&S 

mftLtcm&m*.* c t^mmt-r^m^m i ~5©o 
rn*>— ttiei£©x>*?>©3Kja}iga. 
[§s^3S7] ±iaEGR^a£fi©g^fii^#ai-r^ 

BL ^nJ^S^CEGR^SSfijyTtCffJRg-r-SCi 
20 &W$i£-r zm&M 1 ~6 ©t^T4a*>— 5CgBtg©x>iP 
>©fWSP&B. 

CW*I18] ±IB^EGR^X^fi?r. ae^f*CC 

ie d -cHser s c 4 i t h mm i ia*g© x > *? 

>©®BSP«g. 

tif^9] ±ib*^egr^sss^. immmm 
ic*{.>xMw^mumt?zzt*mkt-rz>n>zmi 

IBl£©x > V>-><Dffiffl88B.. 

imm i o ] ±isxn 2» h ^-'•c^^ffija-ri^ 

30 Ttc$iMT^c£?r!tt®£-r^if^rai-9©^m^ 
-Cc IBiS©x > tx> ©$oai^g„ 

[»*^1 1 ] ±fBS5*C^»iSfi^ t a^^iCE&D 
■C^-r^C4^#®<»:-r^fi^Jil 0fB*g©x>iP> 

^rwapBitt&fffrscitwai-j-sai*!! oia 

[IS*^ 1 3 3 ±£^fttt&HBMSMl4S«. ±13 

40 >m i — i2 ©t=>-rn*>— «:fat8©x>^>©fijffl)^ 
s. 

[S»#S 1 4 3 ±IB^W^S*^«ftta*. ±ia 
S^W3SS^^-ffi©Ji«ffl«:s-^ iss-r 5 c t 
mt-r^mm i ~ 1 2<o^-m^— (ciatg©x>>?> 
©*ijjaisis. 

^W^tifiS^£E©£E*ic;^S'JfiI«:S-?tiri$s-r -s 
c tzmmt -?2>m?m i~i2 ©c^rti*>— (cia*g© 

so mw<Dmmt£mm] 



t 



3 

[0 0 0 1 ] 

EGRW»*«^flWc*T 5x>y>0»«IKI 
[0 00 2] 

u r jfetrtt«i«» at mm S ti 

fll&tf. ISHHM -3 1 3 6 36fMtC|J, 

timmmmzfflw? & 4 4 4 & tc , T2*~^-wc& 

fflj-r *«8wh§5*s tin* £ e 
[0003] iasaSKBs^cfc^r, *a 

*r*fc86©»A^©l£^ticol»*, WJk^MM 

^li, ^BR«:^y>yu:»A3tiSSa«i(DHItc 
rti3&s*«©CCj^U. «S^i*S**«B«hJl/^K:3tf|£L 
T«»3ti5fc«>, «»iSai<Dlffl«:a^JEflc<«<& 

[0 004] CtlfCftgL-T £&C, «Fga^F3 - l 8 5 2 4 

®A^m<Diiti^©A^s^®j!ai-r 67^fax-^ 
©iesisticc«ars«a[fiiitiii«*, saNr-i^cc 

[0 0 0 5 ] 

[0 00 6] gEM#XX ^ yis 3 XDiSMCDtcOb 

&CEGR£GffflT£x>^>£>*§^ EGR^^I 
i®T 5EGR#;*CD:3U^£^ + ^<D3&K#^ E G 
R^Vl/^(DjSSiltiOC*fjS Lr «R^^B#»i<3[)fiffi3l 
ti«flt*30«-&Cife*jL6ti*3&$. 

[0 0 0 7 ] *«Wtt±f5*«tC«*T«cStifcfeO 
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GR«W*<K^W*ctf IWWHlCDMft, 
WtX^MCOmMit, EGR*<D«jgfl:*i|31U Sis 

*C4©-C*Sx>iP><DW«lig«*»«'r*C4«:B 
[0008] 

*nj^W»"r £ x > ^ ><D$fJiSJ^g&c fci > r , x > > 
10 @R»4T^^^IBS43^6x>^>a*«»tcj£i:fc 

^^^-*oB««*Rjer4*a4. ±iestifflccs 
^mi±£, -c-ti*ti«nwKS"r**a4, ±te^»;>^ 

«i£U C©EGR^(D^«J:b<DaiJEffl4. ±IB->U 
JtBR£tf£. ±SBEGR*<DlW«!R5Effi4K:a-^lrir. 

20 fiI4S\ €-ti*ti»5£TS¥«4, xa^;W^ 
aiET££rM#4, EGR#X*<D£fUa^J^#4E 
GR^^^4^r#jg[L/cORm^^:f r ;UCC^C\ E 
GR^7XCD^a^S^^EE<D^r7 r ;l/fil4 E GR#X 
^/£##JEO^:r;UfiI4 €r. ±EE GR^OSIH; 
©Jft5Effl4±E^ y > ^rt^Sl:bO«!J»8SSffi4©ibJc 

aait9jfii(cs^c>rfitui"r^^ia4, Jlibegr*/* 

30 c o£Mm$hf&ftftm<Dmi£m 4 r«see;*j 4 e> e g 
R^xw^fife»»jE<Djssfii^s[ai*r-s#S4, jjbe 

G R # X *Ste6^»EE©JIBeil 4 ±M B E G R # X W^^S 
^EE©§iJ®JBSffl4crXB^«:S-5l>r, EGR^ft 
«©BBS«*iHIjrs*S4. ±SB^MW5a^»0ECD 
«Sffi4 ±Kffl«WJ»J5aE»»flE©IWWB«« 4 (Dffi^, 
ROf, ±IBEGR^/X4i(D^a^FJ£^tcS-^^r, 

a-TS^Si, ±13 EGR^7XSgfiCD^fii4PRm s gff 
^4CCS^l*r x EGRS^IUgpT^T^^ ^.x-^CD 
40 ^S^:gcHi-r^ia4, ±C^D9 hJ^Jb^flfl 
-T^>^^acD^fii4©m , gBE^4tcS^^r. 

[000 9] W^Jl 2 SB*S<D£gHj§fcj:, ff ^jg i |atgcr>^ 

[0010] HJ*ig3 E»<D*I3«, lt*3S 1 IB«£<D^ 
50 IB(C*5l»r, ±SBEGR^7X<Z>^SJ:bO«ISffl%, ±fB 



5 

[001 1 ] fS3#B4ie*£©f%9i«, f«*^ 1 iBtS©#6 
WcfcHT. ±KEGR#*©iSJWt©«t£f8*. ±§E 

^ > yrts«jt©«3«i93effl©— <t . ©urns 

[0012] M#95Ett<DJ»!tS. St^S 1 ~4©U 
•TiT.*>— tCl2iS©^Bj(c*Jl^T. ±IBEGR:tf*i£fi© 

wtMmznm? zvk, egr#x^j&##je©e>ji£; 
[0013] m&m§fEM<D§%.mz. ±ibxp ? 

-rs. 

[0 0 1 4] W*JB7fB4gcD^HJt*. BW»Bl'~6©t» 

•rn*i— tctBtgo^jctJt^r. _tfBEGR^tsa© 

K3SiB*l|ca-r4IB. $m~z\ms.m3s.EGR-ti7. : dm\>± 
[0015] W*3B8fB*g©^Hj«. _hlBS^:E GR*' 

[0016] fi^9iB«g©^?g«. mmi%m.<D¥$. 

B3(C*3^-C. -LIB&;*:EGR#xasfi£. 1 fflfflmWttC 

[0017] n^m i ouffiDmwu. n&m 1 ~9© 

[0018] IH&91 1 1 IBtg©^Bj«, i oiBtg 

[0019] StJfcJg 1 2sBtS©^B^«. fiJfcqf 1 OfBig 

[002 0] ii|3j?lR 1 3f3*&©fPJ3«. 1 ~ 1 2 

©C > -fiifr—ic $ffi<D8ffl CC t, > -C. ±f B&i&lft frS* 
*g*Mtt«*. ±fB«;4W4'SW«©MlfSiSffi£-f £ 

[002 1 ] ft^ 1 41Big©#£Bjj«, ffjfcjg 1-12 

±lB^m^/!£»^EE©«^fii^S^U 

[0022] ffij&H 1 5f3iS©^Bj«, gfjj?^ 1-12 

©u-rti^— (c iBtg©^ » ~c . Jtj emm&j 

[002 3] f &*>*i. JttHrtt. *>J»laHaBti 
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ae^©aifp{cj:ST^-fe;niai*>6i>^> 

l?©x>^>ffl#t^icic.Dfc^7.y - £©@#ffi£i£ 
GRf. Stf, ~>'J > frtSStb*. ^n-CtitOWRffi 
^©^fiJrt^rJt^U. C©EGR**X©^Sl:b©«l^fii 

^';>^rt^»i:t©w»ia:Sfiii. mxtmmsim 

©fiJWSSffit. EGR2&©flJ*lia^fiI4(cS-3<,vt\ 
®MWE^©£g»W58!ifi£^IIic*f^--S*iJi®a«ffii . 

io ©m^H^i© e g r ^^w^^Etc^-r sstwaai 

[0024] <>CtC v *P y '^ffiffl-T -S8r£l# 

4 E G R *'^*©^»3t^J5^^ tEGR © W$&f& 
^i^atL-fcCK^^^e^^^ti EGR*'X©^S 
j&^SJ#:5HH3E©*fvMiI4 E GR#XW$W&3-#IE© 
*7*}Vm±*E GRAf^©^SJ:b©}i^fiii_hlB->y > 
#«i!$fii:b©W&l^ffi4©J:b&CSrn>TllfcBU fcrM 

■5. 

20 [0 0 2 5 ] £ ktc. EGR^©2?mil^FS^S^ffi 

©* iff ©* ^juffi 4 #> e>3g£wr*»jj£## 

KM'gJE* 4#> 6 E G R #XW3»(K##ff©Ji^ffi£S§£ 
fflU C©EGR#XW3$^#JE©}f££fiI4EGR# 
XWS&JSR^EEOSIJiSIBISffliCiBMtCS-^O-r. EG 
R^x^S©g:Sffi^gtHJ^-Stifeti:, ^mMmf&ft 

ftEL<offi£mt^^m$LftftK<Dummtemt ©<g 
30 -s. 

[00261-fLT, EGR^f^ffia©^fili5Rm'g 
JK3 <b (cS-^t >~C E G Rfi^iSffi-T 6 T * 5=- ^. J. - ^ © 

[0 02 7] C©ig£\ E GRX7X©Sfitb©Jt^ffi 

40 a. ^tb^>-^©ffi^fcS-^c^-C5l?jsf)rfcM< . ~>'J 
> ^rt^atb©^S:Sffi«:^T tct. * 

[0028] &tc. EGRij^mcomMm^wtii-rz 
g r a Mnm^tW-omsm. t <omm* &ffflm& o tc 

££Mfta©l§:/E<B£l|ttB-f ^^tc«. ^MM%^m^t 
50 BE©ff*I«^??»HfiiS»«»ja»»EE©J(t3efiti©|R 
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[ 0 0 2 9 ] E GRtfXffiS©!^*!^ mm°] 

fil&S* E GR tfXjjiEfitJTfCf IIRB-T S C £ #51 g L, 

[0 0 3 0] IpJSKc. v h;u^u^ilil-r-5>^ 
?JicS©i£5effi«. *^pJ^^S^^mzifefi«TK:fiM-r 

[0032] 

[&9!©5IJfe©J&SS] «T\ Sffi4#MLT^?8©SI 
*®«8*Bil!8T5. 0 1 ~S 8 «^?g©l©fe©m 1 
W&tcmt>*) . H 1 • ®^ • E GR^JSUpPO^D 

■^H. H2ttx>i?>$ija^©^^a d^H, 03 
t&VJf&itfr-Z-XDyu-?--*- 04«5@93£M.;l> 
-5^>CD7n-^ + - K 05«i**4 • • EGR3HJ 

mmm. m 8 »»®*ijsfj©itt?gs-c* £„ 
[0033JI2H, vmmmm. «tsmm. egr 

-^2ok, i>y>aK«^*^m-r-s/c*?>©^a 

[0 0 3 4] ±K^-/>W®3.-f h 2 OfCjg^ftS 

•b>-9-ffl<b bra, mmopvi't'pimicj-oi'xmn*: 

ttijlTZf 7 2. C©^^>i?^-fe>-!f2 

*^W^J 5 *iS-><JUXfi^lWC#6£T -S«fS*iJ«iJ©fc«) 

©^•^ff^=&m^i-rsmgf«^j-fe>if3 s H^uai* 

£ftS<J-f ^.(KA2^fi-fe>-^8 m&$> 
[003 5] tfc. ±fB^ -OmWx.- 5-1-20 

M©-f >y * i'i'io. SifBSt©.**?? ^ l 2 fca^: 

S^ojftSfciibC^n'j hjur 1 3. &. 

E>\ EGR15;Pl^T5fcS)©EGRAV^14A5gi 

[003 6] ±lfi^ -Y XWfiPjLX ? h 2 0 tt. &-te>-* 
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a* 6©<t#?:^s l x x > p> jna*«**-r 
> t> ftmMm& 22. ? > * n m.'wxm&sifmM 

fffcBSP2 3. x>S?>1BE3SJW1»2 4. T*-fe;UPB£ 
#ffig|J2 5 . 7-*Jb K^£E»aaJ2 6 . 
SKHfflSI52 7 . £***J±J?fflgf$2 8. xn ? Hi-ilM^ 
Su£fi#fct|gG2 9^WU 56>K. x>i?>^Jfflj©4i4g 
iftilttJ • «R* • E GRWWW3 0*=fTU SHJiSfitH 
^(Cffo5«SliLt, «M^Vl-^B#fa@|±Jg|54 0, "I 

10 mmw&m&4 i . *»^<^^»^»4 2, j&jwsjbr 

«SB4 3. SO\ j£*«#»£aS4 4©&*Mt**rOT 

[0 037 ] -r&fc>%, £Ug#<UH3P2 l-e. 

gf«»iJ-fe>-9- 3 ^©ffi^-OU*^ <«H3flB!M"OU 
X) i©A^^"^->tcJ;orm©*iJSiJ ; Sr?ft\ MfSW 

?7>-s>j-<)\,x(DAt)mmmM*nmLxmj£.>? 
7>i»ftsia©iSis^Fia*fittiiL. x->v>>wffi3t&m 

SB24-C180' CA©Mia^fS*>6x>y>I5]|£^rN 

[0 03 8 ] *3t. Ti>*z>\>1&mMBim>2. 5XTi>-te)l 
P§g-fe>-9"4©Hi^;MEfll(cS-^(,irr^-fe^a (T 

2 6 •C^mSEE^-fe 5 ©m*mff»cS-r?^-ctR« 

30 -S,, 

[0039] 3 hue. mmmnn^i§.nmu2 ixm. 
mwss-fe >d- 6 ©w^miifii(<:s-^t>-c®tm^rt^x 
?aeTm^#teL/. ^*Rtk»tagp 2 8 xzmtt*. 1 

(Dtiitl^EEicm^xmmttJa:naiL, ^P ?h;H 
3t^^8Sfi»mSi52 9-C©A^^SH2>-tf-8^?>©tH^J 

ccs^t^-r xa v v fomM^Mmmzftmmoi a v e *w 

[0 040 ] —3/3. jtK^ • «Rm • E GRffJOTSP3 0 B. 
40 mi©^-^flJiaJv^-^i,32. m2<DMffi-M 

mim^*-z>t 3 2 a. 8&m^imtfi2iJ3 3 . 

«SP7*-y+3 4. $«®^!!SCt±lgP3 5. F/B*U® 
SP3 6. ^fflfflXU v Y)l> (ETC) Jg^SP3 7. S 
J>*. EGRJ|^g|53 8*>6«fiSStir«,»*. 

[o 04 i ] mmv^iPWiMUz l-cts. x>y>niK 

e £7*-fe;U§a@iS<!:{CS-3l,>-rg*lx>y> 
iTe'^t^L, SIOM- j^«E§iJtai-7^-i7+3 
2 T g«x > i?> h T e 1 {C»*6 L- /ca^f4>S*f 
Mi^EGRtSfi (EGR$) ^RaS^T-Si. R 

so «waiv*-y + 3 4 -ca^n&ttWHMae* e gr^s 
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10 



jR^^i/cccet^ 2«flsafl6»»ffo«eefflacfEGR 

aW»J5«»»ff©*lfflia*fl[<!:©(HI&, Rtf. EGR* 

[0043] ^ «^5^-3r{cwsn-r*as^«. 1** 
m^(rx>x i mmmmm<om) x$>zctzm 

To 

asitt^^t <a»s«tb) rititf, EGR^t 

Xklffl^r^fiS^ ; H20, C02. N2*^%&4) i 
<D%m&&^ EGR^*(D^a^^tC^t£tt^* 
[0 045] S/c, «^FSJffi»«. WS»»tC*fr 

63» u cfc 5 i r s ss^stt £ ^smiS s nr < 

£ E G R #X©#»§S*Jt t *HS la^Ci^JK, 
a*a«Jt>»as«Jto»^K:tt % iiiSS nr < & E * 30 

dPmo/d t=(Qa + Qea-Qs o)'Ra-Tm/Vm 
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©«tefCMt, «»3tir< SEGRtf^fc^fiffift* 

• EGR/^u^w«rrastfc«^*wri©r* 

[0 046 ] 2HC % ^RBBrafflrSBWUR^fc^Mi^ 
H7«:^rJ:5«:, x>^> l a tc^»Sii 

» h;ioi«^aaai) Qat, m$m \ cj&^Rat i 

a^<0Sf««Si£«l dfc^StifcEGR^^l 4£ 

aatiEGR^isi (EGR^vi/^iia^ssai) 
ycci*murciS (i>"i>^A^iQs) ir^eR 

M^tf^t^, t) > * U ? h JUii«S««*Q aiEG 
R^^I/^»ia^8fc«Qe £tCJ:^XWM 1 g%m$:3tm 
rs»(0ffiSUI*^iitfCi5Ccl:») k T?'te)l>m / ?m± 

&<^r£c£#5r#£. 

[0 047] RaeF"9<DS«WJajffi»tt, ^Oj h JUrC 
b*jffiftr**rfW><!:, EGR^;^14 41fi 
r*EGR^*©28«jft^S«»iOW^6, t/U> 

» h ^wsa^iaaai q a v egr^ *<b2Esuii^jejsr 

^DEGR^IilitlQea, ©M©f*9<7)£mW8J 
tfl^SRTm, 5MW»Qa»SiRa?:ffl^ 
^MPmo©M^tldPmo/d tit KT© 



20 



•CD 



[0 04 8] Mm<DEGRtfX«»j|^B ( 
EGRA^l 4 *a»r *EGR^WJ5ftjSi!E^^6^ 
y >^«6AT4 E GR^fflS«»4RCifc t©T 
fnJ^CC, «^Srt©EGR^W3»JiE^£EPm 
ee©eiB»kidPmee/dtlt EGR^X^ 

dPmee/dt = (Qe e-Qs e e )• R e • Tm/Vm 



•^^(DEGR^yiiiiStQe e, EGR^XWJSS 
#CD^y>#S£ASSSQs e e % EGR*'X«^ 
J«*aSRe«:J:0, «T<D(2)3Cr*rc &#fc& 



"(2) 



[0 04 9] ±iB(l)3KC*5W5 E GR5t/X02aa^ 
JBlR^OE GR^l/^iiiftSHIQ e a , ±fB(2)^;^Cfe 
WSEGR^X^JSJE^OEGR^I/^iiasaiQe e 
EGR^U^iia^iftaQeCC, EGR^i 
4 APCCfc W SEGRjtfX ODSSJt* <t > «J > ¥ ft^M 

cicccto, -en-en, «T©c3),(4)5K<D<fc5K:sr 



(3) 
(4) 



★ Qe a = (1 -4>/4> 1 )«Qe 
Qe e = (♦/♦ l )-Q e 
40 [0 05 0] ^/c, ±8B(D^KfcW*^^J0S#© 
> y > ^iffiAiSSQ s o % ±12 (2)SC«: fcWSEGR*' 

^w«»o^> y > yssAiSMQ s e e ^n-en. 



★ £#r**. 

Qs o = ((Pmo-Vs)/(Ra-Tm))-7?v(Ne'L/l 2 0) -(5) 
Qsee = ((Pmee-V s)/(R e •Tm))-7?v(N e L/l 2 0) -(6) 

[o o 5 i ] gf-pt, ±iBci),(2)^tc±fac3)-(5)S: xjBsrcKSfcrst* «Toao)S;r^rj:5tc)io, 
*afflLra*©^*«T©(7)^c9)*r^rffi« xp-; h^aisffliiQa. EGR/^yia^jt 

a, ba. betg^M, ±iB (1) , (2)5££v h y 50 IQe, SV, E GR^®Slih4> <h S^^MJrb^ 1 
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11 12 

P m p CDB$r H 1^{b« iEGR # * P m e e * 

a =(Vs/Vm)-7?v(Ne-L/120) -(7) 

b a=R a -Tm/Vm —(8) 

be=Re-Tm/Vm •••(9) 



'Pino " 




"-a 0" 


"Pmo 














Pmee 




0 -a_ 


Pme e_ 





d 

dt 

[0052] ^(DWLm&^iizm^z c tit & o , 10 

iiM^mS£fiQ a <b E GR^^^ilM^gS£fiQ e 
gtti-rSCd:^, F/BftHJSPSP3 6T>«:, ©Smi*3 

js^ff (Dttmffl-c* ^ e g r 13* mn&ftftmmm 

£<D<Jm&7 a - F>< ^UE GR/^^jliltfXift 
iQe^L, £6Gt. COEGR^^MiEtfX^ 

[0 0 5 3] S2©M • *^flP^*-2> + 

32 a^>^x^ i o«c»r*»f?ji*jmj-r*fc 

#W»4 0^Htfrr ETCJg^SP3 7-C % 

tj^BS a^Sf irxci^ F;l/7^fax-^ l 3^ ft 30 
;ftU £/c, EGR}§^§P3 v-^F^EPm 
iEGR^^iia^xa£«SSffiQei3^6, EGR 
^Vb^l 4CcS*r4»f^aiL/r©EGR^-rt/^Jg^<t 
S e It E G R ;>';t/ ^ 1 4 ^ » £0, ®» 

RMs^f^M, * * - f-* v *mm<Dmk*nm 
[0054] «s*^^x^pa#aisi54 om ±ra»» 

• R» • E GR3HJ8P353 0 r«^Lfca»«*«*«G 
f*>&4 1 0CC«T*t»ff*4LT©iJB* 40 

u t <tps*f^is^a54 i naaeufeww^wT i n j 

[0 05 5] «5*B#JBRje»4 3W x>*» 

^CB$K9T i g£R5£U ^t^SP4 4r, C<Z>«& 
*B$g|T i gttS£l\ ^6S&fc^(D^>^ft^C 50 



Qa 
Qe 



♦(10) 



[0 05 6] £JT. ±IB^ <<>fflffl*~v h2 0^CJ:o 

mtf £*i&£**4 • • egr$ijijakik:o(,>t, ^ 

[0 05 7] S3 « % KUtW^'r> 3 >X>f7 

^oN^n, j-omw^v Y2 otcmm&m&z 

SJJBfM/— *>"C&9, *-s\ xr-^siorc pu£ 

WJHt^-T & £ , X 7^ » ^S2orf IJffllx - 3? £»J»31£^ 
U xy-*:/s3<rc, R»«§fl|Vm, l»Wi!ifc!J<D 

»©»(*3tttR a, EGR ^77W«^M^R e 

[0 058] ^It, i/XfA^f^t^Xg, i4 
fc^rj^*M->U-*>**-- 1 0 m 
sg) fc:»f 2 *l£ 06tC^T^^>^ftH 

[0 05 9]i4©S»l;^f>m 

£S*#fflU xx^^seor, v-*;VF:£0E#fcHSB 
2 6CD&tfI<hOT. «««Et>-fe>-F S<Dmjj*A/D 
*»OTvx.*jUF£JEPm€:»fflTS. 3 

v 7*s7ot\ »aert^xaa»maj 2 7 <D#ta t l 

8©HWJ*A/D3aftU xov F;uajftS«MUBWJ 
fBQa v e^SfflT^i, Xf*^^S90T, SjSRJibftttJ 
S52 8©Mffi4Lr, ^mt^zly^l <omt}^:A/D^ 

fe^S[±igP2 4CD^S4Lr. W^6©^7>^ 

*>6x>5P>ma»N e*ffai/rx^^^sii(Ksjt 

to. 

[ 0 0 6 1 ] ^ ^siaor« % ffifo • • e gr$ij 
m^3o<Dnmtuxm5(Dmn • • egrsm 
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C©JU-?>-CCJ, Xf y 7"S150t?. aSI-Jl'^ 
t3S£§|53 1 (Dmmt Ltl>y>MN e tTP-teK 

t e ' £g85£ L/> xf? ^sieo-CKm^^ff tfjgn 
3 3©MiI£fT5. 

[0 0 64] c©««oR«sB»a«HirB. *-r. i> 

XSffiTm, »a^7?v. m^Vm.Vs ,L,R 
a ,R efCiO. M&(Da^(9tt&JzZWim&$k8i , 
ba.be. fetT©(ll)~(l3)^fC <fc£?Kmi6{&gfc 

ca,ce,d*#ta-r.S„ 



10 



ibT, S#j$f4'§*ffiG f ' . xn^mf^i 
-f!^«Sa, EGR^U^JSSH§Se*»ffi-r*. 
[0 06 2] -£©*§. Xf ? 7*S12Cr-i*<&. *&M-»l>;* 

B#rammss4 o <Dtumt ox. ±ibx t- :/sioornffl 

§856954 1 (OWmtOX. x>y>m?i£fcN eiBSi 

KSfJWT i n j *g^r^<t. X^y^si30-C. .£*B#JW 
l^»4 3©»S<bLTi>5?>|BNg»N e tl«x> 

[0063] Ate. Hz*?-? -fsuMctev ?>mm ■ m.* 

ca=a/ba= (V s/(Ra-Tm))'nv(Ne-L/l 2 0) 
ce= a/be=(V s/(R e -Tm))-77v(N e -L/l 2 0) 
d = (V s/(Ra -Tm))-77v 
[00651 KX?;; 7"S170"C«. M 1 <D$ffi ■ Jgft 
&ffl-?*-i?+ 3 2<D%mt OX. x>i^>liltKSS[Ne 

FMTe' i.icm-^^X. g&m&m 20 
Stfifi]»iS3£ffllG f 1 . EGRgSIEGRS'. ->U> 

OtH. 7 , si8or-5R5l§iJiaiv^-^ i ,3 4&tJ: 

[0 06 6] tRfUfflflPv*-^-*. 3 4{C«fc-5)MSt?« > 
*T. 5fc£t55£ Lfc-> <J > *rt3«tbH3£fB fai'* 
£ E G R Wf 1 4 AP«C*itt £ E G R *'X©^fiit* * 

Pino" 1 =(l/d)-Gf'-ABFT/f a i ' 

Pme e-' = EGR S'/(l - E GR S 1 )-(R e/R a) - Pm o *' 

Pm" = Pm o " + Pm e e*' 

r f a i = f a i /f a i 1 



(11) 
(12) 
•(13) 

xwmLtc^mitmmmf a i fit. ^sj* 

JKSffi fai, ^fitbg^ti f a i 1 . m^mnmmm 
mmmMmGf. egr^^iegrs 1 . ®Mm&%i 

d. ffis63g«SJtABFD(P6. WT© (15)~ (I7)5£fc J: 
9. ^*&Jj£^JIg«^*SfS5£ffiPmo-\ EG 

^UK^BEeSffifiJWSSfflPm-'^acttJL.. « 
T©(i8)^cJ;£^fii:Hg5£fiIf a i t^SJtSSffif 
a i 1 £©J££. IMSJt^gfc rfaii OXWmtZ. 



[0 06 7] ±iasi 

7 #l£i£3S£«* Jt -fe > 1J-C £> £ fcg^, S9R©S*BH:AJ: 

o sta l- fc^Mtbiianiisrfflt, >a c i r« h mntemm. 

£f#£C J^T©(19)i£CCjf;?-<J:'5ic. E* 

f a i = (1 - q)-f a i t.,, + q 
ffiL q : im¥%}&%t 

[0068] ±%zastttic<£2>tam¥-t$)xm&t:bmEm 
fa i*3Rs?)Sii^. ^thmfeotcm. 

-a -cart-raft:*). -3am«ME*fi: 

£JEPm £ 0^0. k<mW9Xlffi03KH:89£fB f a 
iVott. x>^>@$E£fcNe<!:-?-*Jl>K:£KPm 

f 1 = (l/(ba-d t))-n 
f 2 = (l/(fr f a i -be-d t )) 
h 1 = c a 

h2=ce/r fa i 
g 1 = m/N e 



(15) 
(16) 
-(17) 
•(18) 

★ g r (DHffcjat zmmu?. <D$$tmmtimffl turn. 

O. kfM0JS^Q£5ttitK£fB fai',.,, *>6*DS 
J: <3 . S«JtH3eiit fai 1 ©-^iin-CSfiib 
Jt^ffl f a i £J?Ui It 
•fai \. k) - CIS) 

■^■raci*sM*bi,^ i^. ffi^mcte. fe(T©(20)SC«: 
^-T<fc ^ (c, SSJttasEffl fai'*. ^-©* SSSib 
iijefflf a i iur^L-rfcmt^ 

40 f a i = f a i ' - C20) 

[0069] -e©^. X-r- •? ^S190^ji*. *IJ®^g[ 
agC3 5©MSiLr. KMMba,be,ca,cei 
SttMr faiiW!). «T©(2l)~C26)^-C^ 
■T7 F'<?»ffDtf 1. f 2, hi. h2. gl, 

g2^m-ra„ 

- (21) 

n -C22) 
-(23) 
•(24) 
•(25) 



(9) 
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s 2 =m/N e 

fiu d t : mwmm 

n : m&%m ( 0 < n < 1 ) 
m imftfflWmk (miO) 

a, EGR/^!/^«a^SfeB»3£fflQe*i|[tH-r*F 

/B*j»»3 6©j&a*tf5. cojairtt, *r. £ 

«**ME»»BEaDP E G R ffiUfi^EEOftmiK 
{MftfES-TSfcab. ^^fiU«oT, EGR* 

X^ti&ftm^ffrm? fee ^StfcflHRr f a i 
•tf^MBP f e a &»r«#EK:f\iMBP f a <tcD?nft^ 

$m$hf&ft&K.imm p motitumu 

JUPf ea, Pfee, Pf a*MK^fE*0 
^9Jfi-r*S^-*;l/F^EEPmi— S31±S^<, v 
Kr£ffi P m*>6^W&/S^IE*5£fiIP m o ft 
i»l/c(i^EGR WatfE^ffiJftJgffl Pmeei 

[0 0 7 2] T&tofc. a«tt»ttrfai ^l^Ci 

t'EGR n xmstomftftmommnrnz-mtb z>t±<t> 

Pfea = (l-a-dt) 
P f e e =(1 - a 



16 



10 



Pfa =(l-a 
[0 07 5] WC. ±IB(27)-Cg[ffiU^cEGR^0[)^ 
^ja^S^^JE^^HBP f e a, _hfB(29)5£r||CtB 
U/cfrm^EE^^fflPf aft/Bl\ WTO (30)5£fc: J; 
0a«WJ»«»»EE«3e«Pmo*»aL, 3 C 
©S«W«lflE»»BE«SfB Pm o £!R*l«BttMz>*5 

d:0 EGR #X Wftf&ftftK.mjZm P mee^tiit 

Pmo = Pfa+Pf ea -(30) XU0 



-(26) 

* a«r«jE-rSCitt<S^ff(Ditefil«:v^*;l/K±EP 
mCC— S Cit?EG R^CD^e^-iHS^SrteiE O , 

[0 07 3] SuxE<D9RM©JQlv*-^ + - 3 4&C 

ct zfum^nm LtcE g r ^/x^a^^EEa^ffiWW 

8S«Pm ee M iEGR ^X«^Ei^iPm 
e e tCOM^y ■< - Y v 2 LXEGR^frZfMMtS 
XSSSQeft:£#\ 3 CCDEGR^Vl/^aM^'X 

SIPmo' 1 i^WM^MiflPm o <b(D(3g^ 
^7^F>^^L, XP H^ili^^M^fiQaft* 

[0 074] Mfomc tt % EGR^ OS »«^J£l3E# 
JUffiP fea ( E GR#*W^JS##]I -fc^ 
iPfeed KM«a,ba,be 4 SJUtflHRr 
f a i % 1 ©J®JH88iig<DE GR^<;I/^iijft^/^gfcagftS 
iQe ( . 1)t l»WH«tir©EGR^©ffi^^JEJSS 
»M^f;HPf ea ( . n , lW»J3JB«r<DEGR*/ 
XWJB^Etf Jl/fiP f e et.n*!^, feTF<D(2 

^ttjMBP fail »A^a»-fe>*8tcJ:r>riaSK: 
ft*J UcX P * b ^iia^S6*WiBfflQ a v e ftffl 

u\ WT^(29)^<torSLffi5n-So 

P f e a c _ 13 + 
(ba-d t )-(l - r f a i )-Qe £ . 13 
d t )-P f e e c _ x5 + 

(b e • d t )• r f a i -Q e <_ T5 
dt)-Pfa t . 15 + Cba-dt)-Qave 
^Pme e=Pm-Pmo 



20 



(27) 

(28) 
•(29) 



(31) 



[0076]^ &s&wtoimftffimmp m 0 ^ 

^^K^ffPm^^ifM^EE^^UffiP f a^ill 
/cEGR^^EEi, EGR^©Saa^J5£Sg»»EE 
*rf\>Hif P feaiE GR#X^/&^JE^f^® P 
f e ei<Z)«IiU-Cz9**i4EGR^^EEiOlttcJ: 
oTEGR^OSSia^FJBsE^E^^l/fflP fea 
ft«ME L> tc&LTO C32)SttC cfcotffflltfefiK 



Pmo = Pfa + Pfea-(Pm-Pf a)/(P f ea+Pf e e)-(32) 
CP f e a + P f e e)= OrEGRtflUfeSftT ★mee, 7 -r - K'< ? dHKtt f 2 , h2, gr2ftffll\ 



fib 

t,>ftl><L#&ai (Pm-Pfa)=0t*l Pmo = 
Pfai« 0 
[0 07 7 ] fir 
88S5£ffiPme e" 1 



EGR tfxmhi&ftftK g«HBfiJ 
EGR #X W3»/&a#ESSfiI P ★ 
Qe 1 = h2*Pmee+f2«(Pmee ,, -Pmee) -(33) 
[0 07 8 ] ±EC33)*CKLaUfcEGR^I/^aHI^ SKSCQ e )max«T<D3Sffl) CClMnStfTfflWpJte <j| 

^Ci^m «T<DC34)5£©I5H (0«±SA 50 iia^SK«»SffiQei-rs. 
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O^Qe ^(Qe)max --(34) 
[0 0 7 9] c<om&. iBA^EGR'W 
8fe*(Qe)maxtt, ^a&UfWK: <fc ot^Si L 

-*;!/F:£JEPmK«?rrS/caf>, v^^;UK±JEPm 
[0 0 8 0] S hfcte. E GR^l/^ffiig#;*^S£3Hj 

xzz>) mmte, v^^^K^iEPmi \mmmmm<D 10 

E G R )V ^iiift SSS Q e t _ , , <h &c <£ o r ©J RB $ *i 
&/c£>. 7i*)bF4EPin4 1 StliSPiaWHUOE GR^ 

S^{tS(AQe)max£f£^U t CD^AE GR>'^';^:r 
iIia;tf:*^S^tS(AQ e )max£ 1 ftflffllHSBHa© E G * 

Qa^hl-Pmo + f l^Pmo' 1 

O^Qa ^(Qa)max 
[0 0 8 2] C(D»^CteC»T*>, JLiBft*;EGR^;l/ 
^ffli»^*«(Qe)max©»^iEI«, JifB^AXU 20 

^P^F ;Ua^aiSS^tS(A Q a )max£l£S: 
L , C CD^^X n ^ h Jl'Mj&^iSSSglf LS (AQa )ma 
xt 1 *fK»HJl8lu©x n ? h ;l/ffla^»iaaiK^fflQ a 

iffil^liSS(Q a )max£jBl>T &^l> e 30 
CQ a )max= Qa £ . 1} + (AQa )max ••• (38) 

[-0 08 3] £Lhec<fcD, JJB^^y^S20aC(DF/B 

ETC*S*aS3 7<0»aiLT, JbK*^3r^S20aCj|L 
HlUte^o^ ^«a^aSfe«Q a £ 7-*;l/ F£ff P 

x-£fgjnffiS a£#ttrr£ 0 3 Xx^^"S220 
EGR}g^SP3 8<DZ!m± LX, iilBXT^ :7*S200 

TSHj 1/cE G R^';l/^IS*^iSimQ e i 

F:£EEPm<bK:S^T, V7 7'#iiCj;0EGR 40 

[0084]Xf^ ?'S230-Cte. m2 (DMffi * JfiffifHffll 
■7*-^* 3 2 atDffli LrS^^S^f4®*tS 

«S*4«l*aGf *K, &T©C39)5£CC^TJ:5CC, g# 
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* R^il/^ai«^^iS«gg3tfflQ e C . 1S <t&C J; or«T^D 
(35)^T»tBL/cSAE GR^^I/^ilaS^SEacQ e ) 

(Q e )max= Qe ( . n +(AQe )max — (35) 

[0081] *<Df*. ±iBEGR^-c;i/^a«/7xsEaiia: 

f!Qe^l\ ^W^^^JEJftSfflPmo, &$cL 
W»J^»EB«ffl*!JJt8ta3effl[Pmo'\ ^SJ±<fc£fcr 
fai, I, hi, gHCJ:0, 

JMT©C36)5£tefEoT;*n * F ^iiift^SSSlOTS!^ 

S»SMIfilSBia^ffiQ a 1 *«T©C37)3C©lfiffl ( 0 « 
i:fc^S(Qa)max«T<D®H) CClSffl^ MX X n ? 



-Pmo)-(l - r fa i )-Qe 



•(36) 
•(37) 



Gf = Gf 1 -(39) 

^M^ESIIPmo, §5aUfcH5£ttf a 
i\ RASffittcL fflftSil»ttABF7*fflC\ 

TD- ^x h PKtCl»W^I*»4«|}iG f ' ^1 

X'*Z> 0 

Gf* = d-Pmo-fa i VABFT -(40) 
^^vuxfelr^-r satB*ijjjiJ-fe >if 3 jfefeoAfffUM 

*wfr*8Hi*m^ xf*^^s3ior, ^^>^^a 

[0 08 6108 tCT^^-J: ^ tc, *JgS8t?« % 
BT DC 9 7° . 65° , 10° CA§(C^7>^fl-fe 
>1f 2 ^ 6 ^ ^ > ^ y^l/X j&sffl^; $ ft , «|gf*iJ«B -fe >1f 
# 3MS©BTDC9 7° iMO^aiBfC* 
h # 1 SUgJCD B T D C 1 0 * £ <Dmx 3 

#4SUS<DBTDC9 7" i«ffO*^«jgj-c*4 

#2^fs<DBTDc 1 o° t<omx2m<Dm t wmP^ 

X, #1. #2S®©BTDC97' iSJO^caHS© 
BTDC 1 0" i©PJr lffloaiaWP^I/^^Hi^S 

[008 7] fifoT, *W*iBfl^^X*SA*Sti*« 
C9 7" cD^^>^^*;l,x, 2<H(D^{gf*»JS»J^Vl/^^A 



(11) 
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TDC 9 7° 2zr>?^)l<X-e$>t). 1S<D§MSmjWtfi # 

4»f»r*fttf # i *«L «r©m«PWJJU## 3m«rc* 

[0 0 8 8 ] BTDC6 5" . BTDC 1 0° CD 

BTDC97' 0^>^Vl/X#>6 
OA';^atflfL, #imf§fCDBTDC9 7° <D2z? 

^Stii^CCl. 2, 3, -i/B^^hT^U 
[0 0 8 9 ] a<X'f ^^S320r«, ^7>^M^ 

B©^^>^^^A**-c©aai«FiiB*weu. BT 

DC 10' ©^7>^^;MA^6BTDC9 7 e CD 
^>^^XA^£r<D^>^ftg9 3* #<£>if£i 20 
Nf^MT9 3, BTDC 9 7° <D>? 2 JWXAJl 
^6BTDC6 5° CD ^ ^ > Z^JlX Kt) £ T><D ^ ^ > 
^M3 2' ^©S»B$ia*MT3 2. BTDC 6 5° 
(D^7>^^;UAW^BTDC 1 0' (DZ^Zs?^ 

5 5<bir^^yK:xh7t^o «S»B*BBMT9 3. 
MT, 3 2, MT5 5<D-&if&l 8 0° CA<DigiP$P B 1 

[0 09 0] Xf^ ^*5330-C«. b»»«f*BK^8U4 1 . 
^^t!8a3E»4 3(D«Hl*tft^ **tB*R3, *^JB 30 

«I*B#R|T i n j ^#>fe#>tcftm<D>?^>?ftfrh 
[0 09 1 ] -eur. x-r^^s34or, 

* ^ > * ftf 6&»*s?ft£»fcttje4) ^ ^ > ^ftKCcfe 

n v ±iex T* ^s33o-e^L/c^^ ^ ^ > #v&!k 
rt)\,?M*L% J^&h^'WXifi&jX^ 4>\> 1 1 tctB 

[0 0 9 2 ] «±CC<fcD, B«x>^>Ht,*K:*tj£o 

tcmmmmimL, ^«»iEGR^« 50 



»R§¥ 11-82100 

20 

»i**SL3tt**6»«W»SCXEGR»iJfflISrtf(r\ * 
&<D^- FfttettmMti&ffifcbs fio, h;U^ 

[0 09 3] M*4«*f 

mmmm<D&mit. «asi«<d*bwl egrmcd^ 
Mit&mmL. m&7 * - v > ?<Dfa±, gjm#;*x* 

[0094119 KtfEl 1 0 tt#«W<D|S6(Dffl 2 Jgjg 
«:«*> 0 . H 9 ttjRH • WR ■ E G Rf»gpcD:/a ? ^ 
HI Ott*8f4- EGR$«^ffi;U-^>CD:7 

[0 09 5] *j&Htt2, BU^CDm 1 ««KC#U MQ ic 

»1»«©F/BW»«53 6, *2<DftWr-«**W19^ 
*-5* + 3 2 a<Z)»Irtg*ff^l!L, -en-en, F 
/B8«SB3 6A, »2©««:«««l»^*--^+3 
2b<b-r^<hifeCC, 91»iOIWv«-i;t34t 

^*-yt34K l *20RailW7*-S/t3 4at 
5IJnU/ctCDT'^)-5 0 

[0 09 6]tftb^ *JKS8r«. ^2 CDCRMSOffllv 
*-^+3 4atC*$C»"C % EGR^/X^aaE^BEOS 
ttWttEEAJES^Jffl-C* SEGR if XlObtifufr&Erf' 
MB P m e e \ Sa^^EOiaPj^E^JCcS 

F/B*0^SP3 6 At, EGR^U^M&tfXieg 

^7)Rs^fiiQe 1 ^m-r^^ egr^«»s 

JE^SUfOiPme e * t E GR*X«tt«»»BElllSfl[P 
me ei©KSO«lWa^il*lC\ ^/c. xn^h;U 

JSE^EETaKI Pmo'i S«W«teR53^ff «3Efil P m 

tc, ^2©M • 3 2 br, 

SS^^ff? SJjffiP m o * «ffi^rfiKff)«cS^j|jRf4« 
itlGf^SHJti, 

[0 09 7] *JKS8T « % S 5 ic^kfm 1 JBS8©«Sf4 - 
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5&£, ^7^^^S200«Cfc6^Steffi©rtS*F/B*!llBlSfB [0 09 8 ] y :/S200©F/B*!!flP8B 3 6 A&C<fc£ 

3 6«C<tS«H1^6F/B»9ffliaJ3 6AfCJ:S«iffifcK «Hlrtt. HI 1 JHB&HMUc It, £«^J3dKW3ffi* 
HT££<Lk&c, X^5r^S230tc*jWS«iacDrtS«:m IlPmo, E GR #*W»J«##EE«t£«Pm e e £ 
2©fi» • »J6S0tai^*-^f 3 2 aCCiSAQa^em KfcHU EGR^^MM^ ^WLMtmSS^B 

2 ^^^f • v* - *^ t32b K: <fc £*BSCc£JE Q e \ X n * h JWiiftS ^SaiiTlJBRSfflQ a 1 £$£tii 

U *f^:/S22(XDEGRJgS*S|53 8 Ct cfc& E GR-rOI/ *T&#5> C©BBL Jfllff^C*tU & TO (41) , (42)5$ 

^i^ffiSW^SiX^^^S23(XD^2<D»^r- Hmm (c^Tcfc^CC, 1 MfflJS«BS»<DE GR2/** 

3 2 b tc J:£fmft&S^ft^*C9* SiUifi^SHIlOl^nfll^HB Imee M}) 
fttumtOffltC. S2 0^$lJa^-^t3 4 aO*a*i0 ^EE^MCD^PaS^ffl I m o £»n*£. 
Qe , =h2-Pmee+f2'(Pmee M -Pmee)+ 

g2-Imee ( . l) "-(41) 
Qa^hl-Pmo + f 1 -(Pm o " 1 - Pm o )- 

(1 - r f a i)-Qe + g l-I m o ••• (42) 

±i2(4i), c42tt?mmotcEGR^)V7mmjjzffim ^MEtsiPmo, xd 9 h^aa^»at«R3£ffiQ 

WiSfiQeV X a ^ h )VmMmMffiMV)Mmz.m a, EGR/^l/^iiift^ifcagJjefflQe, a«tt«» 

QaMj, mij&m±m&, ofrt>wckffi&<omw( l c& rfai. i Mmmmm<D&^wmttEmM<Dmm 

fDStf. EGR^;u^iW^i*Ha3£fflQe. xcz* g^IImo^,, 7^F^^Mf 1, hi, g 

[0 09 9 ] — }5\ X-r ? ^S225tC*j^SS2©SSmS0 20 Sff*B«<tr*S^»ffjafiR^ff B«|ijEfflPm o 
j87^-5/t34afcJ:^ir^ *r, ^W3SmS;* h**J&rRDC43)55fc ioTHWf*. 
Pmo h* = (l/f l)-(Qa+(l - r fa i )-Qe 

+ (f 1-h l)-Pmo-g 1-1 mo ( . n )-(43) 
[0 100] 3 6fc % EGRJiXWtol&ftftEMmmP ★ 9. SS3n/cE GR^^jiia^aia^tB^-r^BE 
mee, E GR^l^ffijgtfX^SiS^filQ e % IfflW t)B «<Tr*<5 E GR^WS»J5K^»BEa«*iiEfflPm 
H«WOEGR^W»flE»»flEK»<D«FlB8l4JI«I m e e h-*«T©C44)3£CC<fc oT«a^S. 

ee c -»>, 7^F;<^{88f2, h2, & 2 &C<£ ★ 

Pmeeh* = (l/f2)-(Qe + (f2-h2)-Pmee 

- s 2 - I m e e c -i)) **(44) 

[0101] -X^~C. QMmhf&ttEE&mmiEmPm 30* K «T©C45)SCK:J;D, ^W«»»E«lPm 
oh\ lM»HJB«ro^^J«»»EE^*JliPmo- o'ZWm?Z> 0 

Pmo" = (l ~ f 1 -ba-d t )-Pmo\_i> + 

(f 1 -ba-d t)-Pmoh* -(45) 
[0 102] EGR^W3»iR»»£EB*«iEffl 4^^Mf2 4 RAURffftb e«fflC\ « TO (46)5$ 

Pmeeh\ 1 WISP««8Hfr©E GR**^W5»flE^»EE KJ:9 % E G R ^fX^M^Ef SJIP m e e '^S 

fWIPmee-cn, SSJ±}£;tffi f a i , 7 -r — F ♦ Wr*. 

Pmee* = (l-f2*rfa i • b e- d t )• P m e e \_d + 

(f 2-r f ai-be-dt )• Pm eeh* -*(46) 
[0 103] -eut k ^WSafiR^EE^aittPmo* 40*GR^WJS!lS5^EE^iBfiiPme e"iEGR^Xf 

Imo*\ felTOC47)S;ftcJ:or»ffl'rSiifeCC % E* e«r, «TO(48)^&c <fc ^TllttJTSo 
Imo = I mo c _ 13 + (Pmo"-Pmo)-d t --(47) 
Ime e = I me e ( . 1) +(Pme e'-Pme e)*d t "-(48) 

[0104] mmtfiwz. ±&(43)j£t,c£Z2Mm))m mwmm* : g=mi~>z>i><D<Dc pu©tt»ts*^t < 

^EB«liIEffiPmoh\ ±SB(44)a(cJ:4EGR t <b#T*S. 

^W5»^c^lES^?i]EffiPme e h*«, -en^ Pmoh' =Pmo* 1 -(49) 

ft* «T<D(49) f (50)Stem-r<fc3CC. ^W^lS^ Pme e h"= Pme e' 1 -(50) 

EiifflWMSlPmo M , EGR#xWa*JdWWMI [ 0 1 0 5 ] C<D»^ F/B3HJtSJgfl3 6 AteJz&f&M 

aM^^lPmee-'it^C i^pJ^*^ 50 CCfc^T, E GR^b^affl^SfeS^SBR^ffiQ 
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e \ xuvb frm&&tifcmti)m&mmQ a 1 * . 

■7*-^t3 4aK<t4«i"C l «ffi*P7 ^ ^<DffltC|£ 
CtSMI^^EIIiOVniMi Imo, EGR 
^WSSfiJc^EEK^O^Paa^ffi I m e e tB^fi 

[0106] t&*>%, e GR'ijizrmmrtxmmtnm 10 
g^fflQ e 1 4 e GR^^^aa^xauuasefliQ e 4 

^?U^MfP7 7^E^^»J7t, EGR^I 
«//XSt*«aBH3EfflQ e 1 4 E GR^U^ffljft^Xift 

ffiQ a 1 4 X P •> h ;U31il^m^fi^SfflQ a 4 *Wt 

[o i o 7 ] *t/t t fSfn^^^A. E#*ic*'jrs 20 

4TCOS4&. JbEC47)5«{c«tor2g«*JttJ5R»»ffR 
frtifp^lsifi^v hSnrtiS4*«:« % fcJT©(5i)*$ 

ccsvr «t ^ 5c. smmt^EMtto^nifli^ii i m 

yrStitliSi*, ±saC48)SC«:J:oTEGR*f^W 
AUK^fiEMiKD^mfli^lt I m e e SrffffiU fflffi^ 

-rcfc^^c, EGRxf^4mds»^EEHiK<D«nm«ai 

mee^l $lJtBJia^mi(7Dfii<ht-^o 30 
I m o =1 m o c . i3 — (51) 

Imee=Imee ( . J) — (52) 

[0108] Xf v :/S230©»2©:&Kr • iKjKM 

3 2 bfCjiSABHrtt, ^2(D®^$fJ®^ 
+ 3 4 a-Cffao/c^W^^EE^ifflfiiPm 
o\ SJUtRJEttf ai\ Rft%ffittd. ilifc^tt 
ABF7*fliC> % «T©C53)a«:Seor % S«**4«S* 
BlOfflKOSflG f 1 6«^n«S^«BfsM!Rt«G f " £ 

Gf * = d-Pmo"-f a iVABFT -(53) 40 

[0109] c <D&&mtj;m*itmmm&G t-<o»a 

i?+ 3 2b &cj: Sffi»ffittS5»»ff^8H« Pmo^ffl 
2aCCJ:4«tffi*Sfflr4C4fcDjffir**^ *»S8 

«fCflfeC4ilti«:HiB(/. Haft©IB«W*l»*Lrffl« 50 
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mtnmmMBQ a 1 % fc fWaB^©fl|*MI I m e e . I 
mo^tfffflt&fc*. ^SLKttT£S^f@<7)iafiE 

[0111] 

^iEGR^^i^U^A^^WSCXEG 
RWfBI*?fl\ lo t XD^^OftfffiSiUtt 

KA^StSC^EGR^OjESan. xn-;h;l/Mi>' 
EGR«©^- FW&J£Siin«:*i«-r4 4 4*>«:. X 
h^4EGRS4r*&SjCBSttO»W*|»* 

EM-r£C4rtsr&£ e 

[0112] t&*>%, mmm<DimtcfcK. mnmm 
mm, EGRjfj»g^wfi\ mnmm 

m<omMit. vRj&M&wm&it. EGRtoiSft^ 
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- h 

[0 7] [SLL KAIr^^k^kkh 

[0 8] h±, $mmwi®mmm 
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• E GRMWUCD^u v ^0 

[0io] mm • ®m • e gr$ij©^s;u-^> 

[W-^coiS?g] 
1 x>^> 



(14) 



iftgiPF- 1 1-82100 









26 


1 D 


. . "7 l — 1 t». L il , t| . — ~f 


* P f e a 


t-» /•*» r\ j_f — » sr\rfc *xa - r~ C3 i— t 1- rt. y\ r~r* — - ,» /-#- 

♦ • E G R 77 ^ O^mM^^Wc^^ffi^ 7* ;Mg 


1 U 


•• -f X. V > 


P f e e 




1 3 




P f a 




1 4 




Pm o 




Te 1 • 




Pm e e 




Gf 1 ■ 




Qe 


E G 8KB 


f a i 1 • 




Qa 




f a i • 




Gf* 




r f a i • 




* 





[01] 



[S3] 



[14] 



E3- 



pave 



30 



jL 



Ka 



ff 1 OAS • 

7 * - ->* * 

^Gf 1 T * f |f,^ T.<| EflR 
He N e N a 



X 



-3 4 



Pmo*' . Pm» 



33 



Pm [ »v 
Nft 

a, ba, be. co. c«. d 



F/BWSP8& 

Oe. 0». Pmo, Prate 



2a 



Of* 



f 1. f 2. hi. hj, pi, fl 2 



37, 
0a 



Pm 

OA 



3f W 

Oe 



0* 



» 
i 
i 

r 

l 



[HI] 



V 9 



Q 5 Tm 



[07] 



Oa 



Jtrl 

1 c 



[ C PUflSKg k 



S1 o 
S20 



I 



S30 



i 



I 



T 



^S5 0 
^S6 0 
S70 



I 



S80 



I 



S90 



1 i>i?VB«Ne«a 

T 



S10O 
S110 



X 



I 



S1 20 



SI 30 



[06] 

, ^ , S300 

i ^ , S3! 0 

I 

S 3 2 0 



* 5 > ^ ftS/UX 
ftSBHllHttlB 



i 



,$340 
S3 SO 



(15) 4#K§¥ 11-82100 



[02] 



1 7»-b^g-b>^" 

_5 



^6 



|a & g a a -bT^j- 

_7 



2 1 



2 2 



.2 3 



.2 4 
Ne 



-25 



.2 6 
Pm 



Sins 



.2 7 
Tm 



^28 
A 



_2 9 
Qave 



a 

E 
G 
R 

® 
9 



^3 0 
Gf* 



4 0 



8£9 



Te 



41 



JTe 
Ne 

Ne 



4 3 



v 4 2 

T1 9 



1 3. 



5a 



1 4, 



Se 



20 



10 



I AA7?y I 



E G R it 



[H5] 



[08] 



I * .3160 



S 1 tD^fi - £tt 



SI 7 0 



(BT DC) 



01 23456789 10 11 Of? 
—I i — J — I — I I I I I I I I I I l_ 



JIL 



97* 65' 10* 97* 65" 10* 97* 65* 10* 97* 65' 10* 





^S1 80 




, SI 9 0 


|M9*ftftfttiJ 






S200 




1 




, 1 





S2 1 0 



S220 



a 2 ©as 




S230 




->* y fl a 





(16) 



ftfflW- 11-82100 



imi 0) 



30 



Q a v ef+ 



-31 



V 



» i ©aa • ottftaa 

B li!l Te1 llil 1 T *1 EQ » 



T 



-3 4 



» 1 ©RSa««(l7*-i;*H 



33 



Pm LlL 

Ne 

a. ba, be, ca. c», d 



Ob. Oa, Pmo, Pmit 



^3 4 a 



a 2 ©ess«ai74-$> *^ 



I 



3 2b 



35 



f 1. "f2. hi. hJ, «l. 82 



3 V 
Oa 



ETCf&^SS 
Pl »|sa 



3 a 



-Km 



06 



Pn. | 9t 



I ' 



~l — 



S 1 50 
S1 60 



I 



KM ©ft?5 ■ JSM 



» i ©asisap 



T 



SI 70 



SI 80 



r 



S I 90 
S20O 



1 _J 



E G R /t ^yjfi^ft»ai 



S21 0 
S220 



I 



ft 2©&seisi 



ft 2©J**i - «fe 



S230 



(5i)int.a. 6 i^S'iie-^ 

F 0 2 D 43/00 3 0 1 

45/00 3 0 1 

3 64 

F0 2M 25/07 5 5 0 



F I 

F 0 2 D 43/00 3 0 1 N 

3 0 1 K 

45/00 3 0 1 F 

3 64D 

F0 2M 25/07 5 5 0 F 

5 50G 
5 5 OR 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



XI BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




